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Calcium and magnesium requirements of Aspergillus niger 


Mary LEE MANN 


(WITH THIRTEEN TEXT FIGURES) 


INTRODUCTION 


Much research has been carried on concerning the relations of calcium 
and magnesium to the nutrition and various physiological processes of the 
lower as well as of the higher plants. It is generally agreed that magnesium 
in small amounts is necessary for the life of all plants, although in only 
slightly larger amounts it may be toxic to the higher green plants. Calcium 
has been found to be essential for the life of the higher green plants, but 
there seems to be some question as to its necessity for the lower forms. 

Text books by the following authors serve as excellent sources for the 
literature on the nutritional requirements of the lower plants: Benecke 
and Jost (1924), Czapek (1920), Lafar (1911), Lutman (1929), Molisch 
(1920), Palladin (1926), and Pfeffer (1900). These all concur in the opinion 
that magnesium is necessary for the nutrition of the lower fungi and that 
calcium is not essential for these organisms. 

A continued article by Tamiya and Morita (1929-1930) appearing in 
The Botanical Magazine of the Tokyo Botanical Society, volumes 43 and 
44, gives a bibliography of Aspergillus from 1729 through 1928. In all, 
2424 papers are listed. This gives an idea of the immense amount of work 
which has been done by investigators of this organism. Some of the papers 
which relate to the present undertaking will be cited here. 


Nutrient solutions 


Raulin (1869) devised a very complicated nutrient solution for fungi. 
It contained, among many other elements, magnesium, iron, and zinc, 
but no calcium. A far simpler nutrient solution was that of Pfeffer (1895). 
This contained, besides a source of carbon, ammonium nitrate, mono- 
potassium phosphate, and magnesium sulphate. These salts were con- 
sidered sufficient to fulfill all nutritional needs of the fungus. Calcium and 
iron were not ordinarily included. The same three-salt solution was used 
by H. Richards (1897), with sucrose as the carbon source and the addition 
of a trace of iron, for cultivating Aspergillus niger. 

The question of the necessity of including iron, zinc, and other ele- 
ments in the nutrient solutions for fungi has been the subject of consider- 
able discussion. Molisch (1892) considered that iron was indispensable for 
the full growth of Aspergillus niger and that spores could not be formed in 
its absence. Benecke (1895) was not able to prove conclusively the neces- 
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sity of iron, while Wehmer (1895) thought that iron was unnecessary for 
spore formation by this organism. H. Richards (1897) considered that 
iron was necessary in small amounts for the growth of Aspergillus niger. 
He, moreover, found that iron stimulated the growth of this organism and 
could be used to replace zinc for this purpose. He, as well as Buromsky 
(1913), tested the influence of zinc sulphate on this fungus. They both 
came to the conclusion that zinc does not belong to the indispensable ele- 
ments, without which the fungus cannot grow, but that it belongs to the 
substances which stimulate if used in small quantities, but at the same 
time hinder sporulation. Ono (1900) and H. Richards (1899) found that 
zinc sulphate stimulated the growth of Aspergillus niger and increased the 
ratio of dry weight to sugar consumed (economic coefficient). Buromsky 
(1913) also found that zinc sulphate helped the fungus to use sugar eco- 
nomically. The stimulating effect of low concentrations of zinc salts on 
Aspergillus niger was again observed by Richter (1901), who maintained 
furthermore that copper salts in low and high concentrations always 
poisoned the fungus. 

Coupin (1903a) said that iron, silicon, and zinc have no place in the 
nutrition of Sterigmatocystis nigra (synonymous with Aspergillus niger) 
and that zinc retards development. It was found by Javillier and Sauton 
(1911) that conidia were formed if iron sulphate was omitted from the 
nutrient solution and that large amounts of zinc sulphate caused non- 
sporulation. They concluded that if iron is really indispensable for the 
formation of spores by Aspergillus niger, the amount needed must be ex- 
tremely small. Waterman (1912) did not consider that a high weight of 
mycelium is always a favorable indication of the growth of this fungus, 
but that the power of spore formation must be taken into consideration. 
He found that certain concentrations of copper sulphate, zinc chloride 
and sulphate increased the assimilation quotient of carbon, while the 
observed increase in dry weight was proportional to retarded spore forma- 
tion. Very dilute zinc solutions had no effect. Copper salts in all tested 
dilutions counteracted spore formation. 

In the work of Currie (1917) every possible precaution appears to have 
been taken to exclude iron, even in small traces, from the nutrient solution. 
This author expressed the opinion that iron is not at all necessary for the 
development of spores of Aspergillus niger. Iron added to solutions in 
which nitrates were used as the source of nitrogen increased the rate of 
metabolism and weight of mycelium. When ammonium salts were used 
instead of nitrates, the addition of iron was entirely without effect. 

By means of autoclaving with calcium carbonate, Steinberg (1919) 
considered that he had removed traces of iron and zinc from his nutrient 
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solution. Aspergillus niger made no growth in the solution treated in this 
manner. Growth was limited when zinc and iron were added separately, 
but there was a marked increase when both were added together. There- 
fore he thought that iron and zinc were both needed by this fungus. 
Steinberg (1920) considered that there may be a partial replacement of 
iron and zinc by cobalt and uranium, if the former elements are present 
in not too low amounts. 

Bulkewitsch (1922) found zinc sulphate to have no influence on the 
weight of the felt and the quantity of ammonia formed when Aspergillus 
niger Was grown on a peptone medium. He concluded that the well-known 
growth acceleration due to this salt is specific and only occurs when a few 
carbon sources are used—for example, carbohydrates and similar com- 
pounds. Frouin (1923) found that the suppression of zinc in the nutritive 
material, if glucose is used instead of sucrose, does not diminish the dry 
weight of Aspergillus niger and that the suppression of iron increases the 
weight. Glucose, however, is likely to contain impurities (McHargue and 
Calfee, 1931). That iron seems unfavorable to proteolytic activity of the 
same fungus, as shown by the power to liquefy gelatine, was observed by 
Malfitano and Catoire (1924). 

Bertrand and Javillier (1911) thought that manganese possesses a 
favorable influence on the development of Aspergillus. Bertrand (1912a) 
concluded that manganese determines sporulation, but that iron and zinc 
must also be present, the three being nutritive elements. Bertrand (1912b) 
thought that the very minute quantities of manganese usually found in 
commercial salts fulfill the requirements of the fungus for this element. 

Several later papers on the heavy metals show that there is some 
ground for considering four of these as essential. Bortels (1927) removed 
traces of iron, zinc, and copper from his nutrient solution by adsorption 
with blood charcoal. His experiments indicated that iron and zinc were 
necessary for the life of Aspergillus niger and that iron and copper were 
indispensable for the black color of the spores. Metz (1930) found copper 
necessary for sporulation, and Wolff and Emmerie (1930) considered that 
this metal was necessary for growth as well as for sporulation. This is in 
direct contradiction of the earlier work of Richter and Waterman just 
mentioned, who attributed only a toxic influence to copper. 

Roberg (1928) also concluded that iron and zinc were essential and 
that copper was needed for spore formation of Aspergillus niger. His illus- 
trations of Aspergillus felts, which have received iron and zinc, are those 
of typically “‘stimulated”’ cultures; these felts appear to be heavy and 
wrinkled, and they exhibit subnormal spore production. This effect H. 
Richards (1897) considered as showing stimulation but not nutrition. 
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Possibly Roberg’s cultures were supplied with supra-optimal concentra- 
tions of iron and zinc. It would seem that an element to be really beneficial 
should encourage a healthy development of spores as well as of mycelium. 
Roberg (1931) found that (1) zinc in small quantities is an absolutely 
necessary mineral nutrient for Aspergillus niger and for several other 
species of this fungus; (2) in larger quantities zinc acts as a stimulant; (3) 
still larger quantities act as a poison. If iron is lacking in sufficient 
amounts, the first unfavorable influence of zinc shows as inhibition of 
fructification. 

Mokragnatz (1931), growing Aspergillus niger on Raulin’s solution, 
found that nickel sulphate had a favorable effect on the dry weight of 
felts when used in low concentrations; cobalt sulphate, however, had no 
beneficial effect. McHargue and Calfee (1931), growing Aspergillus flavus 
on 4 more complicated solution than Pfeffer’s (including iron and calcium), 
found that combinations of the optimum concentrations of manganese, 
copper, and zinc produced greater growth than did any one of the three 
or than did combinations of any two. These authors consider that in the 
ordinary synthetic culture solution these elements are usually present as 
impurities in sufficient quantities for the normal growth of the plant. 


Magnesium and calcium for Aspergillus and Penicillium 


Benecke and Molisch were the earliest workers to carry on comprehen- 
sive experiments with the object of discovering the relations of magnesium 
and calcium to the growth of Aspergillus and Penicillium in nutrient solu- 
tions. Benecke (1894a) concluded from his experiments that sulphur, 
phosphorus, potassium, magnesium, and iron are indispensable for the life 
of all plants, and that calcium is also needed by the green plants, but not 
by the fungi. He used Aspergillus niger and Penicillium glaucum in some 
experiments in which magnesium sulphate was present in the nutrient 
solution. The addition of 0.05 per cent of calcium sulphate did not improve 
the weight or conidium formation. Benecke (1895) grew Aspergillus niger 
in a basic solution containing no magnesium. He tried the effects of adding 
calcium nitrate, barium nitrate, strontium nitrate, magnesium sulphate, 
and magnesium sulphate and calcium nitrate together. Only under the 
last two conditions did he obtain growth resulting in spore-bearing felts. 
He concluded that magnesium is absolutely indispensable and cannot be 
replaced by calcium (also Benecke, 1894b). The latter element, if present, 
may be used by the fungus in an indirect manner, as possibly in the 
thickening of the cell wall; but it is not an integral substance for the life 
of the protoplasm as is magnesium. Benecke (1896) tested the effect of 
small amounts of magnesium sulphate on the same fungus by adding this 
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salt to 25 cc. of his solution (which contained ammonium sulphate as 
another source of sulphur) in quantities varying from 0.01 gram to 
0.0000025 gram and finally none. The dry weight of fungus formed de- 
creased in direct ratio with the decrease in magnesium sulphate. With 
none of this salt, the weight was very slight. 

Molisch (1894a, 1894b) considered magnesium to be an essential ele- 
ment for fungi as well as for the higher green plants. He proved that 
Penicillium sp. and Aspergillus niger did not grow if magnesium sulphate 
was left out of the nutrient solution, even if calcium sulphate were sup- 
plied. He also concluded that calcium cannot replace magnesium and that 
calcium is not necessary for the growth of the lower fungi, which differ in 
this manner from the higher green plants. 

Wehmer (1895) thought that calcium was wholly out of place in cul- 
turing fungi, but was undecided as to the necessity of magnesium. Giinther 
(1897) found the same elements necessary for fungi as were included by 
Pfeffer in his solution, and decided that magnesium salts could not be 
replaced by the salts of calcium or related elements. Javillier (1913) con- 
sidered that magnesium is indispensable for Sterigmatocystis nigra and 
that it cannot be replaced by glucinium. Coupin (1903b) found that mag- 
nesium may be used by this fungus as phosphate, sulphate, chloride, 
nitrate, etc. 

The ratio between magnesium and phosphorus was regarded by Reed 
(1907) as important for the proper development of Aspergillus niger. Too 
large a supply of magnesium as compared with the phosphorus increased 
the weight of mycelium, but hindered spore formation. Waterman (1913), 
working with the same fungus, found that comparatively large amounts 
of magnesium checked the formation of mycelium while still larger con- 
centrations allowed growth only after several days. He thought that very 
small amounts of zinc might activate magnesium. Canals (1929) decided 
that magnesium plays a réle in the life of plants as important as that of 
carbon, hydrogen, and oxygen. He considered that it probably circulates 
as magnesium phosphate, which is easily dissociated. The magnesium is 
thus readily obtainable for making complex molecules necessary for the 
life of plants, such as chlorophyll in the higher plants and sucrase in the 
fungi. Rippel and Behr (1930) thought that the mycelium of Aspergillus 
niger contains organic magnesium compounds not soluble in acetone, and 
that in this respect there is a difference between the fungus and etiolated 
parts of green plants. 

A very ingenious theory was evolved by Loew (1892, 1895, 1899, 1903, 
1925) to explain the functions of magnesium and calcium in plants. He 
held that the element magnesium is needed to carry phosphoric acid to 
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the cell for the formation of nucleo-proteins and lecithin. Magnesium 
cannot be replaced by calcium, as this latter element cannot act in this 
manner. He also supposed that calcium-protein compounds enter into the 
composition of the nucleus and chlorophyll bodies of the higher plants and 
higher algae, but that the nucleus of the fungi has a different chemical 
composition. He thought that by placing various plants in solutions of 
potassium oxalate any calcium present in the cell would be precipitated. 
As the lower fungi and lower algae are not harmed by this treatment, 
Loew considered that they do not need calcium, while Spirogyra and many 
other plants are harmed and consequently do need calcium. Hori (1910), 
using the same method, decided that Aspergillus niger, Aspergillus flavus 
and Penicillium glaucum do not need calcium. 

Robert (1911, 1912) found calcium present as an impurity in the sugar 
and salts that she obtained from commercial sources. She grew Aspergillus 
niger with small amounts of calcium sulphate added to Raulin’s solution, 
which was made with materials purified until they gave no reaction for 
calcium with the chemical tests that she employed. Aspergillus grew as 
well with as without the addition of these small amounts, and all of the 
calcium added was found in the ash of the mycelium. But when very large 
amounts of calcium were added, the felt weighed slightly more and only 
eighty per cent of the calcium was found in the ash. She thought that the 
calcium was fixed by the oxalic acid formed and that this oxalate in the 
mycelium accounted for the increase in weight. Wehmer (1906) added cal- 
cium carbonate to a three-salt solution and collected many oxalate crystals 
from the under side of the felt of Aspergillus niger. 

Steinberg (1919, p. 366) concluded from his experiments that calcium 
has no effect on the growth of Aspergillus niger. A series of tests performed 
by Buromsky (1913) with the same organism, grown in Pfeffer’s solution 
to which calcium sulphate was added and from which magnesium sulphate 
was omitted, led him to conclude that calcium has no meaning as a nutrient 
for this fungus, since growth was very poor under these conditions, and 
equally so whether ammonium sulphate or nitrate was used as a source of 
nitrogen. He stated that magnesium serves not only as an element necessary 
for growth but also as a stimulant, since the dry weight and the ability of 
the fungus to use sugar economically were increased together by the use 
of this element, as is true when zinc is used. The same worker obtained 
very favorable results with calcium and magnesium together, but attrib- 
uted these entirely to the presence of the magnesium. He also thought 
that ammonium nitrate is a stimulant, as is zinc sulphate. 

Haenseler (1921) compared the effects of sodium nitrate and calcium 
nitrate on the growth of Aspergillus niger. The cultures with calcium gave 
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uniformly higher yields than did those with sodium having equivalent 
amounts of NO;. Thus the calcium ion seemed better for the fungus than 
the sodium ion. Young and Bennett (1922) used nutrient solutions in 
which potassium nitrate was compared with calcium nitrate as a source 
of nitrogen for the growth of Aspergillus niger and a number of other fungi. 
Each solution contained another potassium salt, which supplied the es- 
sential potassium ion. They thought that calcium exerted a stimulative 
action on the growth of the fungi, because the calcium nitrate was more 
favorable than the potassium nitrate. They also considered that calcium 
was necessary to counteract the acidity of the solution. Contrary to the 
great mass of evidence cited above, they say that a salt containing calcium 
should have a place in the best synthetic solutions for fungi. 

Coupin (1927), like Waterman (1912), cast doubt on the conclusions 
drawn simply from a comparison of dry weights of fungus felts. He found 
that Penicillium glaucum, grown on Raulin’s solution containing no cal- 
cium, did not produce spores unless a salt of this element was added. But 
Sterigmatocystis nigra seemed indifferent to the presence or absence of 
calcium. Davis, Marloth, and Bishop (1928) reported that calcium in- 
creased the yield of Aspergillus niger and Penicillium italicum and that 
spore formation depended upon the presence of this ion. Full details of 
their experiments have not yet been published. 


Magnesium and calcium for other plants 


Mayer (1869) studied the fermentation power of yeast in nutrient solu- 
tions. His salts were fewer in number than those employed by Raulin. The 
mineral requirements for continued normal appearance of the yeast cells 
were fulfilled by potassium phosphate, magnesium sulphate, and calcium 
phosphate, added to sugar and an ammonium salt. He was doubtful as to 
whether both ions of magnesium sulphate are essential, and considered 
that there should be further experiments to settle the necessity of calcium. 

Winogradsky (1884) decided that magnesium was absolutely necessary 
for the growth of Mycoderma vini, while calcium was regarded as useless. 
Molisch (1895) found that some algae behave like the lower fungi in that 
they can dispense with calcium, while Spirogyra and Vaucheria die if de- 
prived of this element. Benecke (1898) concluded that these two algae 
must have magnesium in order to live, and that Chlamydomonas and Pro- 
tococcus can live and reproduce vegetatively without calcium. 

Loew (1898) thought that bacteria and yeast, since they are not harmed 
by neutral oxalate solutions, do not need calcium. Loew (1901, 1913, 
1925) observed that Spirogyra was harmed by oxalate solutions and con- 
cluded that this alga needs calcium. Hori (1910) found that several of the 
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higher fungi would not grow in oxalate solutions; he regarded calcium as 
indispensable for them. Pringsheim (1926) grew various algae and mosses 
in solutions of sodium oxalate. He stated that it may be taken for granted 
that traces of calcium can be absorbed in the presence of oxalate. But his 
experiments led him to conclude that in general the higher algae and mosses 
need calcium and the lower algae do not. 

Gabritschewsky (1902) did not wholly agree with Loew in regard to 
the relation of bacteria to calcium. He considered that the value of calcium 
may vary for different bacteria and expressed the opinion that certain 
kinds do require calcium. O. Richards (1925) found that calcium sulphate 
in suitable concentration gave optimum growth of yeast. Small amounts 
were not sufficient for optimum growth, and larger amounts were toxic. 

Dunn (1921), in her study of two races of Rhizopus nigricans grown on 
a three-salt solution with dextrose and a trace of iron phosphate, found 
that the plus and minus strains made excellent growth if given ammonia, 
either with or without the addition of calcium. Calcium was not injurious, 
nor was an appreciable amount essential for active growth of these two 
races. Some calcium may have been present in the solution, but none was 
purposely added to it. 

Lundegardh (1924) reported that calcium chloride increased the res- 
piration of Gibberella Saubinetii in an acid medium, but that calcium ions 
had no noticeable influence in neutral solutions. He considered that cal- 
cium was not needed as a mineral nutrient for this organism. 


Antagonism 


Comparatively little work has been done with the lower plants on the 
ability of certain substances to counteract the harmful effects of others— 
i.e., on the phenomenon that is usually termed antagonism. 

Loew (1899) thought that magnesium poisons the higher plants by 
displacing the calcium of their nuclei and interfering with the capacity 
for imbibition belonging to the calcium-protein compounds. An excess of 
calcium, according to Loew, allows the calcium to enter again into these 
compounds, and thus counteracts the toxic effect of magnesium. Loew 
gave this explanation of the often observed antagonistic, or beneficial 
effect of calcium on plants that have been poisoned by magnesium. The 
lower plants in Loew’s opinion do not have calcium in their nuclei, and 
hence magnesium does not poison them. Benecke (1907) reported that 
the toxicity of anions as well as cations for Spirogyra could be lessened by 
the use of calcium. Loew and Aso (1907) thought that potassium salts 
can retard but not prevent the toxic effects of magnesium salts. They 
considered that the cause of this retardation of the toxic action by potas- 
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sium salts is entirely different from the cause underlying the prevention 
of the toxic action by calcium salts; that it may be due to the formation 
of double salts with potassium. 

Osterhout (1905, 1906, 1907b, 1909) found that fresh water algae were 
killed by a simple solution of sodium chloride, but that the toxicity of this 
solution could be inhibited if calcium chloride were added. Studies with 
marine algae showed that each of the salts of sea water was poisonous in 
simple solution, but that a mixture of these salts in the proper proportions 
formed a solution in which the toxic effects of the individual salts were 
mutually counteracted. This mixed solution was called by Osterhout a 
“physiologically balanced solution”. Some of the salts added to make a 
solution balanced need not necessarily be nutritive. Thus Osterhout found 
that sodium and potassium showed great similarity in their toxic and 
protective or antagonistic effects, but not in their nutritive power. A 
“nutrient solution” of course contains the salts that are essential for the 
growth of the plant. If this solution is concentrated, the plants will not 
thrive in it unless the salts are properly balanced. But a nutrient solution 
may be made in which the concentrations of the salts are so low as not to 
exert toxic effects (Osterhout, 1907a). 

Lipman (1909, 1910), in testing ammonification by Bacillus subtilis, 
found that there was antagonism between calcium and potassium, mag- 
nesium and sodium, and potassium and sodium, but there was none be- 
tween magnesium and calcium or between sodium and calcium. On the 
contrary there was a progressive increase in the toxic properties of mag- 
nesium and of sodium when calcium was added in increasing amounts to 
a solution of either one. Loew (1910) thought that this result with mag- 
nesium and calcium was to be expected. He states that bacteria in general 
do not need calcium, and that magnesium in the usual biological concen- 
trations is not toxic to lower fungi and algae; hence these plants do not 
need any antagonistic element. However, Lipman and Burgess (1914), 
testing nitrogen fixation, found antagonism between calcium carbonate 
and magnesium carbonate for Azotobacter chroococcum. Greaves (1920) 
reported antagonism between calcium and magnesium as measured in 
terms of ammonification and nitrification power of soil. Brooks (1920b), 
in a study of the respiration of Bacillus subtilis, demonstrated marked 
antagonism between magnesium and sodium chlorides and very slight 
antagonism between magnesium and calcium chlorides. Other tests by 
Brooks (1920a) showed a pronounced antagonism between sodium and 
calcium chlorides. 

Winslow and Falk (1923a, 1923b) observed favorable effects with low 
concentrations of sodium chloride and of calcium chloride, and harmful 
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effects with large amounts of these salts on Bacterium coli. The toxic effect 
was greatest with both salts together. Thus their results are in agreement 
with those of Lipman with B. subtilis. 

Lundegardh (1924) reported that Gibberella Saubinetii behaves like 
the higher plants in showing the antagonistic action of calcium and mag- 
nesium. Hawkins (1913) germinated spores of Glomerella cingulata in 
hanging drops in nutrient solutions. When a salt of zinc, copper, lead, or 
aluminum was added, no germination occurred. The addition of calcium 
nitrate, magnesium nitrate, or potassium nitrate reduced the toxicity of 
all the heavy metals except aluminum. 

The effects of antagonistic salts on the respiration of Aspergillus niger 
were studied by Gustafson (1920). His results with sodium chloride were 
contradictory. He believed that this salt has a specific chemical action 
which tends to stimulate respiration, while its osmotic pressure tends 
to decrease respiration. Sometimes one and sometimes the other effect 
prevailed, due to physiological differences in the fungus. He concluded 
that low concentrations of sodium chloride and of calcium chloride, 
up to 0.5 M, increased respiration, while stronger concentrations decreased 
it, due to the osmotic effect. Antagonism was shown by the fact that res- 
piration was normal in certain mixtures—that is, it was neither increased 
nor decreased. Spores of the fungus did not germinate in 0.5 M sodium 
chloride plus dextrose, while they did germinate in the same strength of 
calcium chloride plus dextrose, and in various mixtures of the two salts. 
This showed, he thought, that a substance may have different effects on 
respiration from those which it has on growth. 

The present paper deals with some of the problems which have not 
been conclusively settled by the work of the authors cited above. It is 
concerned with the following problems: (1) the necessity of magnesium 
and the toxicity of extremely large amounts of this element for Aspergillus 
niger and Penicillium sp.; (2) the minimum amount of calcium which may 
be required by these fungi; (3) the possible antagonistic effects of calcium 
toward other metals; and (4) improvements in the proportions of the salts 
used in the three-salt solution of Pfeffer. After a description has been 
given of the general methods that were employed, the experiments and 
results will be discussed under the four topics just indicated. 


METHODS 


This work was begun in the botanical laboratory of Barnard College 
under the direction of the late Prof. Herbert M. Richards. It was con- 
tinued and finished in the laboratory of plant physiology at Columbia 
University under the guidance of Professor Sam F. Trelease, to whom the 
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writer wishes to express her gratitude for his interest and many helpful 
suggestions. The Aspergillus used in performing the series of experiments 
described in the ensuing pages is believed to be the same organism which 
was brought from Pfeffer’s laboratory in Leipzig by Professor Richards 
about thirty-five years ago. Dr. Charles Thom, of the United States De- 
partment of Agriculture, to whom a culture of the organism was recently 
sent for examination, decided that it should be regarded as a morpholog- 
ically aberrant strain of A. miger, which may best be designated as 
“Richards’ strain.’”’ A descriptive note kindly supplied by Doctor Thom 
follows: 

Aspergillus niger (Richards’ strain). This strain varies from the usual races or 
strains of A. niger in the thin-walled stalks, more than usually stained with aspergillin, 
vesicles quite brittle, primary sterigmata shorter during the usual growing period, but 
becoming longer in individual heads in old culture. The measurements found when 
young were near those given by Amons (Thom and Church, 1926. p. 174) for his strain 
labelled A. ficuum, but there is no way of proving identity. Further, there does not 
appear to be ground for believing that the name A. ficuum belonged to Amons’ strain 
since the organism distributed from Berlin and by Dr. Westerdijk from the “Central- 
bureau” at Baarn was certainly not this one. Until more comparative studies are made, 
the separation of varieties or species among these black forms is scarcely profitable. 


A few experiments were also performed with a strain of Penicillium 
isolated from the air, stock cultures of which were maintained on malt- 
agar slants. The stock cultures of the Aspergillus were grown an slices of 
bread in deep Petri dishes. 

The basic nutrient solution used was Pfeffer’s three-salt solution with 
sucrose as the source of carbon. No iron, zinc, copper, or manganese was 
added. If these elements are needed, they were probably furnished in 
sufficient amounts by impurities in the salts. 


Pfeffer’s solution 


Grams per Gram-molecules 
liter per liter 
Sucrose (CHO) 50.0 0.14612 
Ammonium nitrate (NH,NO;) 10.0 0.12492 
Monopotassium phosphate (KH:PO,) 5.0 0.03673 
Magnesium sulphate (MgSO,-7H,0) 2.5 0.01014 
Total salt concentration 17.5 0.17179 


The sucrose and salts were obtained from different sources during the 
six years in which the experiments were carried on. Their purity sometimes 
varied. This might not have been noticed in dealing with higher plants, 
but Aspergillus has been found to be extraordinarily sensitive to certain 
minute differences in the medium. The presence of certain kinds of im- 
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purities could be detected by the fact that the control culture was slightly 
stimulated—that is, the mycelial felts were wrinkled and abnormally 
heavy, and spore production was diminished. If this occurred, salts from 
other sources were tried, until the control culture gave a normal result— 
that is, a flat, black, evenly fruited felt, having a weight of approximately 
0.30 gram. 

A determination of the hydrogen-ion concentration of the culture solu- 
tion proved to be useful, in conjunction with the appearance of the felts, 
as a guide in deciding whether the control culture was normal. The pH 
value of the solution, after normal growth of the fungus, was 2.8 with 
metacresol purple and 3.0 with bromphenol blue, using the La Motte 
standard indicator solutions. An aberrant pH value was indicative of ab- 
normal growth. Stimulation—and sometimes inhibition—of growth could 
be detected by a lowering of the pH value to 1.8. Decreased growth some- 
times was associated with a pH value of 3.2 or 3.4. The pH value of the 
basic solution was always determined before growing the fungus. It was 
invariably 4.4. 

The water used for the final rinsing of glassware and for making solu- 
tions was obtained from a Barnstead still and redistilled through a quartz 
condenser. It was stored in Pyrex flasks. All glassware was treated with 
concentrated sulphuric acid, and then thoroughly rinsed with tapwater, 
with single-distilled water and finally with double-distilled water. 

The stock solutions of the salts were made up in the desired concen- 
trations and stored in Pyrex bottles, while the sugar solution was made 
fresh each time of using. The culture solutions were prepared before each 
experiment by mixing and diluting the stock solutions, to give the required 
molar concentrations in the final solution. 

The fungus was grown in 150 cc. Pyrex flasks of Erlenmeyer form, 
stoppered with cotton plugs, on 50 cc. of culture solution. The flasks and 
solutions were sterilized once, for 30 minutes, in an Arnold steam-sterilizer. 
The inoculations of the solutions in the flasks were made from the stock 
culture on bread by means of a platinum loop. Care was taken to avoid 
inclusion of mycelium with the spores. It was possible to cover the surface 
of the liquid in each flask completely and uniformly with spores; but of 
course the number of spores placed in each flask must have varied some- 
what. That irregularities in the sowing make no important difference in 
the weights of the felts, after several days’ growth, was shown by Linossier 
(1919), working with Oidium lactis, and the general uniformity of the dry 
weights of duplicated cultures in the present experiments showed that se- 
rious errors were not introduced by irregularities in inoculation. 

After the Aspergillus cultures had grown for five days in an incubator 
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at 34°C., the mycelial felts were placed on weighed filter papers, washed 
twice with distilled water, dried for three days at 65°C., put into a desic- 
cator, and then weighed. From the total weight was subtracted the weight 
of the filter paper previously taken, thus giving the weight of the felt. 
Before the filter papers were weighed, they were dried at 65°C. and placed 
in a desiccator, so that they were in the same condition as when they were 
weighed the second time, with the fungus felts. The Penicillium cultures 
were grown for six days at room temperature (about 22°C.). In all other 
respects they were treated in the same way as the Aspergillus cultures. 


RESULTS AND DISCUSSION 


Necessity of magnesium 


Benecke, Molisch, Giinther, Javillier and Canals, as mentioned in the 
introduction to this paper, have all concluded from their investigations 
that magnesium is essential for the development of Aspergillus niger. 
Nevertheless, it seemed desirable in the present study to make further 
tests of the influence of magnesium sulphate and of magnesium upon the 
growth of this fungus as well as upon the growth of a species of Penicillium. 
Two series of experiments were carried out. In the first series, magne- 
sium sulphate was omitted from one culture solution and was added in 
increasing concentrations to the others. The results are given in table 1 
and are plotted as graphs in figure 1. 

The Aspergillus and the Penicillium made practically no growth when 
magnesium sulphate was absent from the nutrient solution. Only a few 


TABLE 1 
Growth of Aspergillus niger and Penicillium sp. as related to the concentration of magnesium sul phate 
in Pfeffer’s solution. No magnesium sulphate in basic solution. 














DRY WEIGHT OF MYCELIUM® 
CONCENTRATION oF MgSQ, 
Aspergillus niger Penicillium sp. 

M Grams Grams 

Zero .024 .008 

.0000208 . 104 .044 

-000125 .251 -132 

.00025 .278 .143 

.0005 .305 .143 

-00125 . 303 -150 

-0025 -322 -152 

.005 .328 .149 
.01 .333> .154> 

-02 .379 -162 











* Each value represents the mean for 10 cultures. 
> Control culture, supplied with same concentration as in Pfeffer’s solution. 
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scattered white patches of very thin mycelium developed on the surface 
of the medium from which magnesium sulphate had been omitted; ger- 
mination of the spores began, but growth ceased after a short time. 

That the increase in weight of the felts of both fungi varies directly 
as the increase in concentration of magnesium sulphate, up to at least 
twice the concentration of this salt in Pfeffer’s solution, may be seen by 
referring to the graphs of figure 1. Both of the curves ascend steadily up 
to the point denoting the highest concentration used in this series. This was 
0.02 M magnesium sulphate—double the concentration of this salt in Pfef- 
fer’s solution. As would be expected, both curves rise more rapidly in the 
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Fig. 1. Dry weights of felts of Aspergillus niger and Penicillium sp. as related to 
the concentration of magnesium sulphate in Pfeffer’s solution. Magnesium sulphate 
omitted from basic solution. Abscissas represent molar concentrations of magnesium 
sulphate (logarithmic scale). Ordinates represent weights of felts in grams. Control 
culture, supplied with same concentration (0.01 M) magnesium sulphate as in Pfeffer’s 
solution, gave yields of 0.333 gram for Aspergillus, and 0.154 gram for Penicillium. 


lower portion of the concentration range than in the higher. This feature 
would of course be much more prominent in graphs plotted on an ordinary 
scale of abscissas than it is in figure 1 in which concentrations are plotted 
on a logarithmic scale. The results secured in this test are similar to those 
of Benecke (1896), who obtained higher dry weights of felts of Aspergillus 
niger by increasing the concentration of magnesium sulphate in the nutri- 
ent solution. 

In the second series of experiments the influence of various concentra- 
tions of the magnesium ion was tested by adding magnesium sulphate to 
a basic solution to which the sulphate ion had been supplied as potassium 
sulphate. The solution which lacked only the magnesium gave no growth 
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of Aspergillus niger. The results of adding various amounts of magnesium, 
by means of the same concentrations of magnesium sulphate used in the 
last experiment, are shown in table 2, and are plotted as a graph in figure 
2. It will be noticed that the curves for Aspergillus in figures 1 and 2 follow 
practically the same course. The addition of magnesium sulphate to this 
solution gave almost the same result as it gave in the first series of ex- 


TABLE 2 
Growth of Aspergillus niger as related to the concentration of the magnesium ion in Pfeffer’s solution. 
Magnesium sul phate of the basic solution replaced by potassium sul phate. 











CONCENTRATION OF MgSO, DRY WEIGHT OF MYCELIUM® 

M Grams 
Zero -005 
.0000208 .161 
.000125 .276 
-00025 .274 
.0005 .297 
.00125 .276 
-0025 . 288 
.005 .312 

01 .336> 
.02 . 362 








® Each value represents the mean for 5 cultures. 
> Control culture, supplied with same concentration as in Pfeffer’s solution. 
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Fig. 2. Dry weights of felts of Aspergillus niger as related to the concentration of 
the magnesium ion in Pfeffer’s solution. Magnesium sulphate of basic solution replaced 
by potassium sulphate. Abscissas represent molar concentrations of magnesium sul- 
p. .te (logarithmic scale). Ordinates represent weights of felts in grams. Control cul- 
tare, supplied with same concentration (0.01 M) magnesium sulphate as in Pfeffer’s 
soiution (in addition to potassium sulphate) gave yield of 0.336 gram. 
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periments, in which no potassium sulphate was used in the basic solution. 
There is a gradually increasing weight of felts as more and more of the 
magnesium ion is added. It will be observed that in the lower concentra- 
tions the curve of figure 1 rises with a slightly steeper slope than that 
of figure 2. This difference may be attributed to the fact that in the first 
series both the sulphate ion and the magnesium ion were absent from the 
basic solution, whereas in the second series only the magnesium ion was 
omitted from the basic solution. 

The close similarity between the parts of the curves corresponding to 
concentrations of magnesium sulphate greater than 0.00025 M indicates 
that the higher concentrations of the sulphate ion had little or no influence 
on the growth of Aspergillus. 

The second series of experiments was performed only with Aspergillus 
niger, but four cultures of each of the two fungi gave no growth with am- 
monium sulphate in place of magnesium sulphate. It is therefore clear that 
the magnesium ion is essential for the growth of both Aspergillus and 
Penicillium. 


The minimum amount of calcium which may be necessary 


Most authors have considered that calcium is unnecessary for the 
growth of fungi. Benecke, Molisch, Wehmer, Loew, Buromsky, Wino- 
gradsky, Steinberg, Dunn, and Lundegardh, as quoted above, have all 
come to this conclusion. On the other hand, the experiments of Haenseler, 
Young and Bennett, Coupin, Davis, Marloth and Bishop, Hori, Gabrit- 
schewsky, and O. Richards, also cited in the introduction to this paper, 
have shown some favorable results from its use. 

The experiments described in this section of the present paper were 
planned to throw some light on the question of the minimum amount of 
calcium which may be necessary for the growth of Aspergillus. The tests 
were of several different types, each of which gave some information con- 
cerning this problem. 

In one set of tests special precautions were taken to make sufe that 
no calcium was added to the nutrient solution by the water or glassware. 
Accordingly, the usual procedure was somewhat modified. The double 
distilled water was redistilled through the same quartz condenser, and 
collected in quartz flasks. The sugar used was of special purity—Kahl- 
baum “precip. for calorimetric analysis”. The salts and sugar were weighed 
and dissolved directly in the distilled water contained in a large quartz 
beaker, and the solution was sterilized by being brought to the boiling 
point in this beaker. Smaller quartz beakers were used for the culture of 
the fungi, and quartz pipettes were employed in measuring the water and 
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solution. Therefore, the only sources of calcium which remained were the 
salts or the fungus spores. 

The weights of the fungus felts of Aspergillus and Penicillium which 
were grown in this solution are given in table 3. It will be seen that they 
are essentially the same as those obtained when these fungi were grown 
under similar conditions, altered only by the addition of 0.00008 M and 
0.001 M calcium nitrate. Moreover, the power of conidium formation was 
not noticeably modified in either fungus by the addition of these amounts 
of calcium nitrate. 

It is realized of course that this test is not in itself very conclusive, 
since the salts and the fungus spores probably contained some calcium— 
more, in fact, than would be derived from the water or glassware. The 

TABLE 3 


Growth of Aspergillus niger and Penicillium sp. in Pfeffer’s solution to which 
calcium nitrate has been added. 














DRY WEIGHT OF MYCELIUM® 
CONCENTRATION OF Ca(NOs)s 
Aspergillus niger Penicillium sp. 
M Grams Grams 
Zero .291> -213> 
.00008 . 287 .194 
.001 . 302 .185 











* Each value represents the mean for 20 cultures of Aspergillus niger or for 16 cultures of 
Penicillium sp. 
> Control culture. 


salts, however, were of best obtainable reagent or chemically pure grades, 
and their printed analyses showed only very small quantities of calcium. 
And the test may be considered to indicate that the amount of calcium 
required—if any—is exceedingly small in comparison with the quantities 
of the other elements needed for the growth of these fungi. It will be re- 
called that Benecke (1894a) obtained no increase of growth by adding cal- 
cium sulphate to his solution which already contained magnesium sulphate. 

Another test was made in which calcium chloride was added to Pfef- 
fer’s solution. The results, shown in figure 6 plotted from the data of table 
7, show that the addition of this calcium salt in various concentrations 
had no appreciable effect on the dry yields of Aspergillus. Thus it seems 
clear that the presence of significantly large amounts of calcium, as the 
nitrate, sulphate, or chloride, in Pfeffer’s solution has no beneficial in- 
fluence on the growth of Aspergillus or Penicillium. 

In an attempt to obtain further evidence regarding the possibility that 
calcium might be beneficial to Aspergillus, a series of experiments was con- 
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ducted in which the effects of calcium nitrate were compared with those 
of the nitrates of sodium, potassium, and ammonium. For this purpose the 
ammonium nitrate was omitted from the basic solution and replaced by 
each of these salts in turn, used in varying concentrations. These concen- 
trations were so calculated that the gram-atoms of nitrogen per liter of 
solution were equivalent. The results are given in table 4 and are shown as 
graphs in figure 3. 

Considering first the graphs for the potassium and sodium series in 
figure 3, it will be observed that the growth of Aspergillus niger with these 
ions is much less than with equivalent gram-atoms of nitrogen as ammo- 


TABLE 4 
Comparison of the effects of potassium, sodium, calcium and ammonium nitrates on the growth of 
Aspergillus niger. Concentration of salts calculated on equivalent amounts of nitrogen. No 
ammonium nitrate in basic solution. 











prr® CONCENTRA- pRY®* CONCENTRA- prr® CONCENTRA- pry 
CONCENTRATION 
KNO, WEIGHT OF TION OF WEIGHT OF TION OF WEIGHT OF TION OF WEIGHT OF 
— MYCELIUM NaNO; MYCELIUM Ca(NOs)s MYCELIUM NH.NO; MYCELIUM 
M Grams M Grams M Grams M Grams 
.01266 .199 .01266 -181 -00633 . 183 -00633 .248 
.02533 . 187 .02533 .187 .01266 .199 .01266 .229 
.05066 .205 .05066 .188 -0253 .216 .0253 . 247 
om .212 ol . 196 -05 .260 .05 .253 
.248 .211 .248 .190 .124 .269 .124 . 284 
4 .215 4 .200 om .237 on .310 
8 .224 8 .188 4 .232 4 .371 



































* Each value represents the mean for 15 cultures. 

> Each value represents the mean for 12 cultures. 
Control for K NO; series, .370 gram. 
Controlfor NaNOsseries, .362 gram. 
Control for Ca(NO;)2series, .293 gram. 
Control for NH,NOsseries, .284 gram. 


nium nitrate. There is a slight upward trend in the curve for the potassium 
nitrate series, but none in that for the sodium nitrate series. The dry 
weights of the felts at all concentrations of both salts are considerably 
below those for the control cultures which contained 0.124 M ammonium 
nitrate; the latter weights were 0.370 gram for the potassium series and 
0.362 gram for the sodium series. Also, it was noticed that the conidium 
formation in the potassium and sodium series was inhibited and that the 
felts had a brown rather than a black appearance. 

The position of the graph for calcium nitrate indicates that this salt 
is better for the growth of Aspergillus niger than potassium nitrate or 
sodium nitrate. The graph for calcium nitrate starts at about the same 
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level as the other two and it rises rapidly above them, reaching its highest 
points at concentrations of 0.05 and 0.124 M. Beyond these it falls again 
until, at the highest concentration, it lies only slightly above the graph 
for potassium nitrate. The dry weights of all the calcium nitrate cultures 
are below that of the control culture (0.124 M NH,NO;) for this series— 
0.293 gram. 

Apparently, therefore, only at a range of concentrations from 0.05 M 
to 0.124 M does calcium nitrate give good growth of Aspergillus niger 
when used under the conditions of the present experiments. Even here it 
does not give a growth quite equal to that attained by the control culture 
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Fig. 3. Dry weights of felts of Aspergillus niger grown in Pfeffer’s solution to which 
have been added separately the nitrates of potassium, sodium, calcium, and am- 
monium. Ammonium nitrate omitted from basic solution. Abscissas represent molar 
concentrations, plotted as equivalent gram-atoms of nitrogen (logarithmic scale). Or- 
dinates represent weights of felts in grams. Control culture, supplied with same concen- 
tration (0.124 M) ammonium nitrate as in Pfeffer’s solution gave yields of 0.370 gram 
for potassium series, 0.362 gram for sodium series, 0.293 gram for calcium series, and 
0.284 gram for ammonium series. 


grown in Pfeffer’s solution. Moreover, conidium formation was inhibited 
by calcium nitrate, even in this favorable concentration range. The felts 
were slimy and sank below the surface of the liquid. The culture medium 
was always observed to be a very deep yellow after the growth of the 
fungus in the presence of calcium. 

It will be seen that the curve for growth with ammonium nitrate, 
throughout most of its course, lies above the other curves in figure 3. This 
indicates that ammonium nitrate is much better for the growth of Asper- 
gillus than the other three nitrates used in these tests. Only at two points 
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does the calcium nitrate curve lie near that for ammonium nitrate. At 
one of these, representing a molar concentration of 0.05, the calcium ni- 
trate curve is slightly above that of ammonium nitrate; and at the next 
point, 0.124 M, it is nearly as high as the curve for ammonium nitrate. 
In addition to being heavier, the felts of the ammonium nitrate series had 
a much healthier appearance, as far as amount and blackness of the conidia 
were concerned, than had those grown with the other three nitrates. This 
was true at all tested concentrations. 

At the highest concentrations of ammonium nitrate used—.e., 0.2 and 
0.4 M—the fungus made very good growth, giving dry weights of 0.310 
and 0.371 gram, respectively. In other experiments during the course of 
this work, the dry yields obtained with 0.124 M ammonium nitrate (the 
standard concentration in Pfeffer’s solution) often nearly approached 
these weights. This may be seen by referring to the controls in the potas- 
sium and sodium series of table 4, and the controls in tables 1, 2, 6, and 
13. It does not seem, therefore, that 0.2 M and 0.4 M ammonium nitrate 
have acted as a “stimulant” to the growth of Aspergillus, if the growth in 
Pfeffer’s solution may be taken as normal. The growth in this solution was 
found to vary from 0.245 to 0.370 gram dry weight. Buromsky (1913) 
thought that ammonium nitrate could be compared to zinc sulphate as a 
stimulant, because ammonium nitrate gave a higher respiration coefficient 
than ammonium sulphate when used in his nutrient solution. He found 
that when zinc sulphate was added to the solution containing ammonium 
sulphate, the coefficient of respiration was raised to almost equal that ob- 
tained with ammonium nitrate alone. 

On the whole, it may be concluded that calcium nitrate was not very 
satisfactory as a mineral nutrient for Aspergillus niger in this series of 
experiments, although it gave greater mycelial weights than potassium 
nitrate, as in the work of Young and Bennett (1922), and greater than 
sodium nitrate, as in the study by Haenseler (1921). Calcium in no way 
made up for the absence of ammonium nitrogen, which many workers have 
reported as the most favorable source of nitrogen for the growth of Asper- 
gillus. Boas (1919) and Boas and Leberle (1919) found that an ammonium 
salt, especially the chloride, was used by Aspergillus to a much greater ex- 
tent than more highly organized nitrogenous compounds offered at the 
same time. They considered that the ease of dissociation and of entrance 
into the cell determined the choice of a source of nitrogen by the fungus. 
Brenner (1914), having tried many sources of nitrogen, concluded that 
ammonium salts and asparagin gave the best growth of Aspergillus. 

The experiments described thus far have shown that calcium is not re- 
quired in any considerable amount by Aspergillus, and that relatively high 
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concentrations of a salt of this element have detrimental, rather than bene- 
ficial, effects upon the growth of this organism. There still remains the 
possibility that very small quantities of calcium are essential for Asper- 
gillus. Definite proof that calcium is indispensable could of course be ob- 
tained if the calcium content of the culture medium could be sufficiently 
reduced to prevent the growth of the fungus. In a similar manner, for ex- 
ample, conclusive evidence has been presented during the last decade that 
small quantities of zinc, manganese, boron, copper, etc., are essential for 
the growth of many of the higher green plants. It seemed worth while in 
the present study to reduce the calcium content of the nutrient solution 
to a very low minimum and to see whether this solution would allow the 
development of Aspergillus. A culture medium of very low calcium content 
was prepared by adding sodium oxalate to Pfeffer’s solution, in concentra- 
tions sufficiently high to precipitate practically all of the calcium that 
might be present as an impurity. The preparation of the culture solution 
was thus essentially the same as that recommended by Loew (1892, 1898, 
1899, 1925), Hori (1910), and Pringsheim (1926). 

A test was made of the ability of Aspergillus to grow in Pfeffer’s solu- 
tion to which had been added sodium oxalate in the five following con- 
centrations: 0.00625 M, 0.0125 M, 0.025 M, 0.05 M, and 0.1 M. A rather 
surprising result was obtained, as may be seen from the graph of figure 4, 
plotted from the data of table 5. The growth of the fungus was greatly 


TABLE 5 
Growth of Aspergillus niger in Pfeffer’s solution containing sodium oxalate. 











CONCENTRATION OF NasC:0, DRY WEIGHT OF MYCELIUM® 
M Grams 
Zero . 284» 
-00625 .346 
.0125 351 
-025 .384 
-05 -472 
of . 583 








* Each value represents the mean for 9 cultures. 
> Control culture, represents the mean for 18 cultures. 


improved by the addition of all tested concentrations of oxalate. The 
highest concentration used gave very heavy felts. This increased growth 
may have been due to a stimulating effect of some impurity in the sodium 
oxalate or to the ability of the fungus to make use of the carbon of sodium 
oxalate. Since the fruiting was excellent, while fruiting would be inhibited 
by the typical zinc sulphate stimulation, it seems probable that the greatly 
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increased weights may have been due to the addition of a second source of 
carbon for the fungus. 

A test was made to find out approximately how much calcium might 
have been present as an impurity in the nutrient solution employed in the 
experiment just described. A series of five solutions, having the same 
composition as those used in the growth test, were freshly prepared. Thus 
they contained the components of Pfeffer’s solution with the addition of 
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Fig. 4. Dry weights of felts of Aspergillus niger grown in Pfeffer’s solution to which 
sodium oxalate was added. Abscissas represent molar concentrations of sodium oxalate 
(logarithmic scale). Ordinates represent weights of felts in grams. Control culture 
without sodium oxalate gave yield of 0.284 gram. 


0.00625 M, 0.0125 M, 0.025 M, 0.05 M, and 0.1 M sodium oxalate, re- 
spectively. Each of these solutions was then tested by adding separately 
five different concentrations of calcium chloride. The concentrations of 
this salt employed were 0.0000001 M, 0.000001 M, 0.00001 M, 0.0001 M, 
and 0.001 M, respectively. This gave a series of twenty-five tests. It was 
found that the three strongest calcium chloride concentrations (0.00001 
M, 0.0001 M, 0.001 M) gave precipitates of calcium oxalate with all of the 
five oxalate concentrations (0.00625 M, 0.0125 M, 0.025 M, 0.05 M, 0.1 
M), and that 0.000001 M calcium chloride gave a visible precipitate with 
0.1 M sodium oxalate, but not with the concentrations of oxalate below 
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this. The lowest concentration of calcium chloride (0.0000001 M) gave 
no visible precipitate with any of the sodium oxalate concentrations used. 

After the fungus had been grown in the same concentrations of sodium 
oxalate added to Pfeffer’s solution, the felts were removed and each of the 
five culture solutions was tested again, by means of the same five concen- 
trations of calcium chloride. The results were the same as those obtained 
with the original culture solutions that had been supplied to the fungus. 
The 0.000001 M calcium chloride solution again gave a precipitate with 
0.1 M oxalate. 

These tests indicate that, had there been a calcium salt present in a 
strength of 0.000001 M in the nutrient solution in which Aspergillus niger 
was grown, a precipitation of calcium oxalate would have been observed, 
since sodium oxalate was present in this nutrient solution in a concentra- 
tion of 0.1 M. As just pointed out, a precipitate was clearly perceptible 
when 0.000001 M calcium chloride was added to the solution containing 
0.1 M sodium oxalate, both before and after growing the fungus, and no 
such precipitate was observed in the solution until the addition of calcium 
chloride. This experiment seems to show definitely that probably less than 
0.000001 M of calcium impurities was present in a solution that gave ex- 
cellent growth of Aspergillus niger. This would represent less than 1 part 
of calcium per 25 million of culture solution. From these tests it may be 
concluded that, if calcium is indispensable for the growth of Aspergillus, 
the quantity required would be no greater than the amounts of boron, 
manganese, zinc, and copper that have been found to be essential for 
many of the higher green plants. 

An interesting comparison may be made between the results obtained 
with Aspergillus and those reported by Pringsheim (1926) for various 
kinds of algae. In one set of experiments Pringsheim first tested numerous 
algae by the use of solutions as free from calcium as he could make them. 
He divided these algae into three groups: those which gave no growth 
without calcium; those for which the deficiency of calcium made little 
noticeable difference; and those which showed poorer growth but did 
show some growth without calcium. He then experimented upon the growth 
of these organisms in a nutrient solution containing sodium oxalate. 
The culture solution was tested for calcium precipitation, before and after 
the organisms had grown in it, by the addition of 1 cc. of 0.1 per cent 
calcium chloride solution. Pringsheim thought, because of the precipitate 
which he obtained with this concentration of calcium chloride, that a suf- 
ficient amount of sodium oxalate was in the nutrient solution to have 
precipitated calcium from the algal cell had it been present there. The 
algae which seemed to require calcium in his first experiments did not 
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grow in the solution containing sodium oxalate. The algae which did not 
seem to require calcium in his first experiments grew well in the oxalate 
solutions. There were a few exceptions in which algae which had seemed 
to need calcium in the first experiments gave favorable results with the 
oxalate solutions. He accounted for this by saying that their calcium re- 
quirements were unusually low, and that enough calcium might have re- 
mained in the solution to satisfy these requirements, in spite of the pres- 
ence of oxalates. 

The method of spectrographic analysis furnishes a much more delicate 
test for calcium than could be obtained by the precipitation method de- 
scribed in the foregoing paragraphs. The chemical precipitation method 
was only delicate enough to indicate that the culture solution contained 
less than 0.000001 M calcium. The concentration of calcium in the pres- 
ence of 0.1 M sodium oxalate may actually have been much smaller than 
0.000001 M. It would have been desirable to have had a spectrographic 
test made upon the mycelium of Aspergillus that had been grown in the 
culture solution containing a high concentration of sodium oxalate, as well 
as upon a filtered sample of the culture solution itself. But it was not 
feasible at the time to have this done. One spectrographic analysis, how- 
ever, was made in the present study, and this was made under control 
conditions; the fungus was grown in Pfeffer’s solution to which no oxalate 
had been added. This test was made through the courtesy and cooperation 
of Dr. Andrew Dingwall, of the Department of Chemistry of Columbia 
University, upon ash obtained from three flat black felts grown in a solu- 
tion to which no calcium was consciously added in any way. The water 
was doubly distilled through quartz condensers and the salts were the 
purest obtainable. The felts, before ashing, were washed many times, using 
two liters of double distilled water, to remove traces of the culture medium. 
The ash was found to contain considerable quantities of magnesium and 
potassium, as might have been expected. In addition there were found 
small amounts of calcium, iron, manganese, lead, aluminum, and sodium. 
Other elements may have been present, but a search was not made for 
them. 

The fungus felts may have held these substances in two ways: (1) as 
materials retained between the hyphal threads by occlusion, (2) as actual 
components of the fungus cells. Considering the compactness and smooth- 
ness of the felts, it seems unlikely that significant quantities of the medium 
were occluded. The fungus itself probably contained these minute quanti- 
ties of various elements. They may have been obtained from the bread on 
which the stock cultures were grown and stored in the spores. Aso (1900) 
found calcium among the minerals of the ash from the spores of Aspergillus 
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oryzae. Or these elements may have been secured by absorption from im- 
purities in the salts dissolved in the liquid medium. It is of course known 
that many plants absorb and accumulate substances that are present in 
extremely low concentrations in the medium in which the plants live. A 
striking example is furnished by the accumulation of iodine in the giant 
kelps of the Pacific Ocean. 


Effect of calcium chloride in solutions containing certain other salts 


That the toxic effect of one cation may be more or less neutralized by 
the antitoxic effect of another, when they are supplied together in a culture 
solution for plants, has been observed by many investigators. Some of the 
pioneer work in this field has been carried on by Loew and Osterhout, as 
discussed in the introduction to this paper. Mention may be made here of 
the more recent work of Trelease and Trelease (1926) and Eisenmenger 
(1928), who conducted experiments which showed that wheat roots are 
poisoned by relatively high concentrations of a magnesium salt, when 
grown in a solution of this salt alone. Their results showed that this tox- 
icity may be counteracted by the addition of a calcium salt. A clear 
demonstration of antagonistic action is obtained most readily with very 
simple solutions, containing only two salts. In a culture solution containing 
several salts, the antagonistic relations are very complicated, owing to the 
chance for the mutual interaction of a large number of ions. But in some 
cases the antitoxic action of calcium is so pronounced that it can be easily 
demonstrated with the mixed solutions used for growing the higher plants. 
Thus, magnesium injury of wheat has been shown to depend upon the 
ratio of calcium to magnesium in the culture solution (Trelease and Tre- 
lease, 1931.) 

A series of experiments was carried out with Aspergillus niger to see 
whether calcium, when added to Pfeffer’s solution, would have an an- 
TABLE 6 
Growth of Aspergillus niger in Pfeffer’s solution containing magnesium chloride. 








CONCENTRATION OF MgCl: DRY WEIGHT OF MYCELIUM® 





M Grams 
Zero . 339 
331 
.334 
.236 
-223 
-130 
.129 


An wearRw 


1. 
1. 








* Each value represents the mean for 6 cultures. 
> Control culture. 
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tagonistic effect toward other substances present in the culture solution. 
One set of tests was planned to determine whether magnesium chloride 
would be toxic for Aspergillus when used in high concentrations in the 
solution; and if so, whether the addition of a calcium salt would counteract 
the toxicity. 

Magnesium chloride was added to Pfeffer’s solution in concentrations 
varying from 0.2 M to 1.6 M. The results of this experiment may be seen by 
referring to the graph of figure 5, plotted from the data given in table 6. 
It will be noted that the two lowest concentrations used—namely, 0.2 M 
and 0.4 M—had very little effect on the growth of the fungus. The weight 
was normal and there was slight fruiting. At concentrations of 0.6 M and 
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Fig. 5. Dry weights of felts of Aspergillus niger grown in Pfeffer’s solution to which 
magnesium chloride was added. Abscissas represent molar concentrations of magne- 
sium chloride (logarithmic scale). Ordinates represent weights of felts in grams. Con- 
trol culture without magnesium chloride gave yield of 0.339 gram. 


upwards, the growth of the fungus was inhibited. The dry weights were 
consistently reduced, until at 1.2 M and 1.6 M magnesium chloride they 
were only 38 per cent of the control dry weight of 0.339 gram. The appear- 
ance of these last felts was very far from normal. They were white and 
lacy and completely lacking in conidia. 

It is therefore clear that magnesium chloride, if supplied in very high 
concentrations, inhibits the growth of Aspergillus niger. This corresponds 
to the action of high concentrations of magnesium salts on wheat roots, 
mentioned above. The concentration of the magnesium ion, however, 
which is necessary to check the growth of the fungus (0.6 M) is actually 
considerably higher than necessary to show a similar effect on wheat roots. 
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Magnesium sulphate is definitely toxic to wheat roots at a concentration 
of 0.001 M, according to Eisenmenger (1928). 

Before testing the effect of the magnesium and calcium chlorides to- 
gether, the latter was added alone to Pfeffer’s solution in concentrations 
ranging from 0.00625 M to 0.1 M. The graph of figure 6, plotted from the 











TABLE 7 
Growth of Aspergillus niger in Pfeffer’s solution containing calcium chloride. 
CONCENTRATION oF CaCl DRY WEIGHT OF MYCELIUM® 

M Grams 
Zero .261> 
.00625 . 266 
-0125 . 284 
.025 .272 
-05 . 282 
- .265 








* Each value represents the mean for 9 cultures. 
b Control culture. 


data given in table 7, shows an almost straight, horizontal line. The sporu- 
lation of the felts was good at all concentrations. Hence calcium chloride 
had no effect on the dry weight or fruiting of Aspergillus niger at any con- 
centration used. 
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Fig. 6. Dry weights of felts of Aspergillus niger grown in Pfeffer’s solution to which 
calcium chloride was added. Abscissas represent molar concentrations of calcium 
chloride (logarithmic scale). Ordinates represent weights of felts in grams. Control 
culture without calcium chloride gave yield of 0.261 gram. 


Since a concentration of 0.8 M magnesium chloride had been found to 
inhibit the growth of Aspergillus very considerably, this concentration 
was chosen for use in Pfeffer’s solution with various concentrations of 
calcium chloride. The results of this experiment are shown on the graph 
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of figure 7, plotted from the data of table 8. It may be seen here that the 
toxic effect of the magnesium chloride was as great as in the previous test. 
As the concentration of calcium chloride increases from 0.0001 M to 0.01 


TABLE 8 
Growth of Aspergillus niger in Pfeffer’s solution containing calcium chloride and magnesium chloride. 














CONCENTRATIONS 
MgCl CaCh DRY WEIGHT OF MYCELIUM® 
M M Grams 
Zero Zero .297> 
8 Zero .223 
8 .0001 .226 
8 -001 .241 
8 -01 .234 
8 on .193 











* Each value represents the mean for 12 cultures. 
> Control culture. 


M the graph continues practically parallel with the base line. At a con- 
centration of 0.1 M calcium chloride with 0.8 M magnesium chloride, the 
dry weight was even somewhat lowered. The graph appears to show no 
significant rise, as it would have shown had there been antagonism. The 
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Fig. 7. Dry weights of felts of Aspergillus niger grown in Pfeffer’s solution contain- 
ing calcium chloride and magnesium chloride. Each culture contained 0.8 M magnesium 
chloride. Abscissas represent molar concentrations of calcium chloride (logarithmic 
scale). Ordinates represent weights of felts in grams. Control culture without mag- 
nesium or calcium chlorides gave yield of 0.297 gram. 


weights of the felts are all essentially the same as those obtained with 0.8 
M magnesium chloride without the addition of any calcium chloride. All 
of the felts grown in solutions containing both calcium and magnesium 
chlorides were white, and they were completely lacking in conidia. They 
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were similar in appearance to those obtained in Pfeffer’s solution to which 
magnesium chloride alone was added. From this experiment it may be 
seen that the addition of calcium chloride helped neither the growth nor the 
sporulation of Aspergillus, when these were inhibited by a high concentra- 
tion of magnesium chloride in the culture solution. 

Calcium chloride, therefore, seems to have no antitoxic action for mag- 
nesium chloride under the conditions of the present tests with Aspergillus 
niger. This lack of antagonism agrees with Lipman’s results for Bacillus 
subtilis, previously discussed. But the toxicity of magnesium chloride for 
Aspergillus niger was not increased by calcium chloride (except possibly at a 
concentration of 0.1 M), as Lipman found to be the case with Bacillus subti- 
lis. Loew (1892) stated that magnesium salts in the absence of calcium salts 
are not harmful to the fungi; he probably referred to low concentrations, 
as he says later (1910) that they are not harmful in the usual biological 
concentrations, and that hence there is no need of an antagonistic element. 
It was only possible to obtain a toxic effect on Aspergillus by using con- 
centrations of magnesium chloride which are far higher than those used 
in most nutrient solutions. Thus, the harmful effect may have been due 
to the high osmotic concentration of the salt used (0.8 M). Against this 
view, however, is the stimulation of growth observed with 0.8 M sodium 
chloride (figure 8), having an osmotic value about two-thirds as great as 
that of the magnesium chloride. That antagonism between calcium and 
magnesium does exist for some of the lower organisms has been shown by 
the work of Lipman and Burgess (1914), Greaves (1920), Brooks (1920a, 
1920b), and Lundegardh (1924), cited above. 

The possibility of an antagonistic action between sodium and calcium 
was next considered. To observe the effect of sodium chloride on Asper- 
gillus niger, this salt was added to Pfeffer’s solution in concentrations vary- 
ing from 0.1 M to 0.8 M. The results of this experiment may be seen by 
referring to the graph of figure 8, plotted from the data given in table 9. 


TABLE 9 
Growth of Aspergillus niger in Pfeffer’s solution containing sodium chloride. 








CONCENTRATION OF NaCl DRY WEIGHT OF MYCELIUM* 





Grems 
. 245» 
.352 
-414 
408 
.407 
-436 


eiminioe gg ® 











* Each value represents the mean for 10 cultures. 
> Control culture. 
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It will be noted that sodium chloride, at all tested concentrations, stimu- 
lated the growth of the fungus, as indicated by dry weight of mycelium. 
With increasing concentrations of sodium chloride, the growth curve rises 
rapidly at first and then more slowly. Although the dry yields are nearly 
the same throughout a considerable range of concentrations, the greatest 
dry weight is indicated for the highest tested concentration of sodium 
chloride—namely, 0.8 M. It is rather surprising that the fungus grew so 
well in Pfeffer’s solution containing such a high concentration of sodium 
chloride. Spore formation was almost normal at a concentration of 0.1 M 
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Fig. 8. Dry weights of felts of Aspergillus niger grown in Pfeffer’s solution to which 
sodium chloride was added. Abscissas represent molar concentrations of sodium chlo- 
ride (logarithmic scale). Ordinates represent weights of felts in grams. Control culture 
without sodium chloride gave yield of 0.245 gram. 


sodium chloride and decreased gradually with increasing concentration of 
the salt, until at 0.4 M the spores were very few in number. There were 
almost no spores produced at the highest concentration—0.8 M. These 
results agree in general with those obtained by Molliard (1921), who found 
that the growth of Sterigmatocystis nigra was normal when he added so- 
dium chloride in concentrations of 0.04 M to 0.13 M to a nutrient solution. 
Few conidia were formed at 0.17 M and none at 0.51 M. The rate of growth 
diminished as the concentration increased from 0.34 M to 0.86 M; growth 
was very slow at 1.71 M and was entirely inhibited at 2.05 M. It will be 
noted, however, that mycelial growth was stimulated in the present tests 
by concentrations which Molliard found to be toxic. 
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For studying the combined effects of sodium chloride and calcium chlo- 
ride in Pfeffer’s solution, a series of solutions was employed in which the 
concentration of sodium chloride was kept uniform, at 0.8 M; this con- 
centration, as just shown, had a marked stimulating effect on mycelial 
growth. To these solutions, calcium chloride was added in concentrations 
ranging from zero to 0.1 M. 

The results of this experiment may be seen by referring to the graph 
of figure 9, plotted from the data of table 10. It will be observed that the 


TABLE 10 


Influence of calcium chloride upon the growth of Aspergillus niger in Pfeffer’s solution containing a 
stimulating concentration of sodium chloride. 














CONCENTRATIONS 
DRY WEIGHT OF MYCELIUM® 
NaCl CaCh 
M M Grams 
Zero Zero .292» 
8 Zero .436 
8 -0001 .403 
8 -001 .390 
8 -O1 .360 
8 1 .243 











* Each value represents the mean for 8 cultures. 
> Control culture. 


curve representing the dry weights of fungus felts drops gradually as the 
concentration of calcium chloride in the mixed solution increases. Thus, the 
stimulating effect of sodium chloride on mycelial growth is gradually 
diminished when calcium chloride is added in increasing concentrations to 
the solution. A rather abrupt drop in the curve brings the dry weight for 
the mixture containing 0.1 M calcium chloride to a lower value than that 
for the control culture (table 10); stimulation has been completely in- 
hibited and this mixture is actually toxic for mycelial growth. 

Fruiting of the fungus in the solutions containing calcium chloride and 
sodium chloride was even less abundant than in the solution to which 
sodium chloride alone had been added. Conidium formation was com- 
pletely inhibited in the mixed solution containing 0.1 M calcium chloride. 

The question may be raised as to whether the term antagonism should 
be applied to the effect of one salt in diminishing the stimulation due to 
another. This term has usually been used with reference to a decrease in 
toxic action. Calcium chloride, as noted above, reduces the stimulating 
effect that sodium chloride exerts when added alone to Pfeffer’s solution. 
This is not a case of antagonism in the usual sense; but it is similar to the 
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action of calcium chloride in decreasing a stimulation of root growth pro- 
duced by manganese chloride, which was termed antagonism by Barton 
and Trelease (1927). The results of Lipman (1909, 1910), Winslow and 
Falk (1923a, 1923b), and Gustafson (1920) on antagonism cannot be com- 
pared with the present work, as they were studying lessened toxicity—not 
diminished stimulation. 

The next experiment to be considered is one which was planned in 
order to determine whether calcium would have any influence upon the 
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Fig. 9. Dry weights of felts of Aspergillus niger grown in Pfeffer’s solution contain- 
ing calcium chloride and sodium chloride. Each culture contained 0.8 M sodium 
chloride. Abscissas represent molar concentrations of calcium chloride (logarithmic 
scale). Ordinates represent weights of felts in grams. Control culture without sodium 
or calcium chlorides gave yield of 0.292 gram. 


well known zinc stimulation of Aspergillus. Raulin (1869) was the first to 
observe that zinc sulphate, in very small amounts, has a striking effect in 
stimulating the mycelial growth of Aspergillus, and this phenomenon has 
since then been observed and studied by many other workers. It is note- 
worthy that, although the dry weight of the mycelium is greatly increased 
by minute quantities of zinc, the production of conidia is decreased, fre- 
quently to the point of complete inhibition. 

In order to see if calcium chloride would have any influence upon this 
stimulation, Aspergillus niger was grown in Pfeffer’s solution to which 
zinc sulphate and this salt were both added. A concentration of 0.00001 M 
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zinc sulphate was chosen for this experiment because it was found to give 
a very heavy, wrinkled, white felt, with sparse fruiting; the fungous felt 
was thick, opaque, and yet brittle. Calcium chloride, in concentrations 
ranging from zero to 0.2 M, was added to Pfeffer’s solution containing this 
concentration of zinc sulphate. The results of this experiment are pre- 
sented in the graph of figure 10, plotted from the data given in table 11. 


TABLE 11 
Influence of calcium chloride upon the growth of Aspergillus niger in Pfeffer’s solution contaning a 
stimulating concentration of zinc sulphate. 

















CONCENTRATIONS 
DRY WEIGHT OF MYCELIUM® 

ZnSO. CaCh 

M M Grams 
Zero Zero . 283 
.00001 Zero .684 
-00001 .0125 .446 
-00001 .025 .439 
.00001 .05 -415 
.00001 i .373 
.00001 a .367 








* Each value represents the mean for 9 cultures. 
> Control culture. 


Inspection of figure 10 shows that when calcium chloride was added to 
solutions having this concentration of zinc sulphate, the growth stimula- 
tion was greatly decreased. Even the addition of the lowest concentration 
of calcium chloride—namely, 0.0125 M—caused a pronounced drop in the 
dry weight of the fungus felt. The slope of the curve beyond this point is 
much more gradual, and even with the highest concentration of calcium 
chloride the dry weight was above that of the control culture (receiving 
neither zinc sulphate nor calcium chloride). The felts of the cultures that 
were supplied with calcium chloride and zinc sulphate were more abnormal 
in appearance than those to which zinc sulphate alone was added. They 
were soggy and sank in the liquid, and they exhibited no fruiting. 

The combination, then, of zinc sulphate and calcium chloride was not 
favorable to Aspergillus. Calcium chloride alone in Pfeffer’s solution had 
no appreciable effect on the growth or the fruiting of Aspergillus. Zinc 
sulphate alone in Pfeffer’s solution greatly stimulated the production of 
dry material, and in the concentration used (0.00001 M) allowed some 
fruiting. The mixture of the two salts in Pfeffer’s solution, however, had 
a distinctly harmful effect. The stimulation of mycelial growth was greatly 
lowered; the felts had an abnormal appearance, and they showed no signs 
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of sporulation. The study of Hawkins (1913), referred to in the introduc- 
tion to this paper, involved an inhibition of the germination of the spores 
of certain fungi by salts of zinc and other metals. Antagonism was defi- 
nitely shown by the fact that the addition of calcium allowed the spores 
to germinate. This study cannot be compared to the experiment just de- 
scribed, as zinc in the concentrations used does not inhibit the growth of 
Aspergillus, but on the contrary stimulates it. 
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Fig. 10. Dry weights of felts of Aspergillus niger grown in Pfeffer’s solution con- 
taining calcium chloride and zinc sulphate. Each culture contained 0.00001 M zinc 
sulphate. Abscissas represent molar concentrations of calcium chloride (logarithmic 
scale). Ordinates represent weights of felts in grams. Control culture without zinc 
sulphate or calcium chloride gave yield of 0.283 gram. 


Influence on the growth of Aspergillus niger of varying the proportions of the 
three salts of Pfeffer’s solution 

In the experiments thus far described, the standard Pfeffer’s solution 

was employed in all cases as a basic culture medium. The effects of varying 

the concentration of magnesium sulphate and of adding salts of calcium 

and other elements was studied; but no attempt was made to vary in a 
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systematic manner the proportions of all three component salts of Pfeffer’s 
solution. To obtain further information concerning the salt requirements 
of Aspergillus, it seemed important to study the relations between the 
growth of the fungus and the proportions of the salts of Pfeffer’s solution. 
The present section of this paper describes three experiments that dealt 
with this phase of the problem. The first two were concerned with the 
effects of varying the proportions of the three component salts, and the 
third involved the influence of calcium chloride upon the physiological 
values of the culture solutions. 

Very few descriptions have appeared in the literature of experiments 
on fungi in which the proportions of the salts making up a nutrient solu- 
tion have been varied. The researches along this line carried on by Totting- 
ham (1914) and by Shive (1915) with green plants are so well known that 
they will not be discussed here. Dunn (1921) and Young and Bennett 
(1922) performed some similar experiments with fungi. Haenseler (1921) 
varied the salt proportions of the nutrient solution for Aspergillus niger, 
using calcium nitrate, monopotassium phosphate and magnesium sulphate 
for the three component nutrient salts; and in a repetition of the experi- 
ment he substituted sodium nitrate for calcium nitrate. Haenseler found 
that the partial concentrations of magnesium sulphate and potassium 
phosphate could be varied within wide limits without in any way affecting 
the yields. Steinberg (1919), in a much smaller series of tests, obtained 
different results. He observed an increased yield with increased amounts 
of either magnesium sulphate or potassium phosphate. 

In the experiments to be described here, the proportions of the three 
salts of Pfeffer’s solution were varied, but the total salt concentration was 
always kept at 0.1718 M, which is the gram-molecular concentration of 
the standard solution. The sugar was supplied in the usual concentration 
of 0.1461 M, or 50 grams per liter. The volume-molecular proportions of 
the salts for each culture and the corresponding dry weights of the felts 
are presented in table 12. The table also gives these weights as relative 
values calculated as a percentage of the highest weight obtained in the 
series. The equilateral triangle of figure 11 shows each of these percentages 
placed above and weights placed below the point representing the com- 
position of the solution. 

The proportions of the salts are represented on the triangle in the fol- 
lowing manner: The upper apex of the triangle represents a solution in 
which 100 per cent of the dissolved molecules are potassium phosphate. 
The opposite base represents solutions containing no potassium phosphate. 
The right apex in the same manner denotes a solution in which 100 per 
cent of the dissolved molecules are ammonium nitrate, and that on the 
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left designates one in which 100 per cent are magnesium sulphate. The 
base opposite each apex represents a solution containing none of the salt 
represented at the apex. The exact center of the triangle represents a solu- 
tion containing equal proportions of the three salts, and all other points 
inside the triangle represent solutions containing mixtures of the three salts. 
The proportions denoted by any point may be found by measuring the per- 
pendicular distance of the point from each of the three bases. 
TABLE 12 


Influence on the growth of Aspergillus niger of varying the proportions of the three 
salts of Pfeffer’s solution. 














RELATIVE VOLUME-MOLECULAR PROPORTIONS OF SALTS° DRY WEIGHT OF MYCELIUM® 
KH.PO, NHNO. MgSO, Actual Relative 
Grams Per cent 
5.0 5.0 90.0 .438 94 
5.0 47.5 47.5 .321 69 
5.0 90.0 5.0 . 200 43 
15.0 15.0 70.0 .465 100 
15.0 70.0 15.0 . 293 63 
21.4 72.7 5.9 . 296> o4> 
33.3 33.3 33.3 .410 88 
47.5 5.0 47.5 .374 80 
47.5 47.5 5.0 . 289 62 
70.0 15.0 15.0 . 348 75 
90.0 5.0 5.0 .277 60 

















* Each value represents the mean for 6 cultures. 

> Control culture, supplied with same concentrations as in Pfeffer’s solution. Value represents 
the mean of 12 cultures. 

© Total salt concentration, 0.1718 M. 


It may be seen from figure 11 that the highest yields of Aspergillus 
niger (represented by 100 and 94 on the triangle) were obtained with high 
proportions of magnesium sulphate combined with low proportions of the 
other two salts. Thus, the growth of the fungus, as indicated by the amount 
of mycelium formed, was favorably influenced by a high proportion of 
magnesium sulphate in the nutrient solution. The solution giving the 
highest weight had the molecular proportions: KH:PQ,, 15; NHsNO;, 15; 
MgSQ,, 70. These figures represent percentages of a total salt concentra- 
tion of 0.1718 M. The corresponding molecular concentrations of the salts 
are as follows: KH,PO,, 0.02577 M; NH,NO;, 0.02577 M; MgSO,, 0.12026 
M. The heavy felts produced in this solution were somewhat wrinkled, 
apparently because there was not room in the flask for such large felts to 
lie flat; but they were very black and well fruited. The growth was there- 
fore a healthy one. 
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The growth of the fungus was not favorably influenced by high pro- 
portions of ammonium nitrate or of potassium phosphate. The lowest 
weight of the series, 43 per cent of the best, was obtained in a solution 
containing the highest tested partial concentration of ammonium nitrate. 
The next to the lowest weight obtained in this series, 60 per cent of the 
best, is shown for felts grown in the solution having the highest concentra- 
tion of potassium phosphate. 


100-KH2 P04 
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Fig. 11. Relative and actual dry weights of felts of Aspergillus niger as influenced 
by varying the proportions of the three salts of Pfeffer’s solution. Upper numbers de- 
note percentages of highest weight taken as 100; lower numbers denote actual weights, 
for culture solutions whose compositions are indicated by the positions of the points 
in the triangle. 


It will be noticed that the control culture, containing the three salts 
in the same proportions as in Pfeffer’s solution, gave only 64 per cent of 
the best growth. This solution has only a slightly higher proportion of 
potassium phosphate than the solution giving the best growth. It is char- 
acterized, however, by a much lower proportion of magnesium sulphate 
and a much higher proportion of ammonium nitrate. The low yield of this 
culture in comparison with that of the best culture indicates the marked 
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improvement that can be brought about by altering the salt proportions 
of Pfeffer’s solution. It is clear that a solution containing more magnesium 
sulphate and less ammonium nitrate than are to be found in Pfeffer’s solu- 
tion gives much better growth of Aspergillus niger than is given with the 














TABLE 13 
Influence on the growth of Aspergillus niger of varying the proportions of the three 
salts of Pfeffer’s solution. 

RELATIVE VOLUME-MOLECULAR PROPORTIONS oF saLTs° DRY WEIGHT OF MYCELIUM® 

KH,PO, NH.NO, MgSO, Actual Relative 

Grams Per cent 
5.0 5.0 90.0 .615 92 
5.0 25.0 70.0 .669 100 
5.0 47.5 47.5 .561 84 
5.0 70.0 25.0 .410 61 
5.0 90.0 5.0 245 37 
15.0 15.0 70.0 .648 97 
15.0 30.0 55.0 .615 92 
15.0 55.0 30.0 . 388 58 
15.0 70.0 15.0 .298 +H 
20.0 40.0 40.0 .527 79 
21.4 72.7 5.9 .347> 52> 
25.0 5.0 70.0 .508 76 
25.0 25.0 50.0 .466 70 
25.0 50.0 25.0 -406 61 
25.0 70.0 5.0 .297 43 
30.0 15.0 55.0 .500 75 
30.0 55.0 15.0 .360 54 
33.3 33.3 33.3 453 68 
40.0 20.0 40.0 .540 81 
40.0 40.0 20.0 .387 58 
47.5 5.0 47.5 .449 67 
47.5 47.5 5.0 391 57 
50.0 25.0 25.0 .396 59 
55.0 15.0 30.0 -412 61 
55.0 30.0 15.0 .459 69 
70.0 5.0 25.0 .395 59 
70.0 15.0 15.0 .444 66 
70.0 25.0 5.0 -443 66 
90.0 5.0 5.0 .300 45 

















* Each value represents the mean for 2 cultures. 
> Control culture, supplied with same concentration as in Pfeffer’s solution. 
® Total salt concentration, 0.1718 M. 


use of Pfeffer’s solution. The amount of potassium phosphate, however, 
in this solution seems to be favorable. 

The results of Dunn (1921) working with plus and minus strains of 
Rhizopus were markedly different from these. The solution in which she 
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obtained the best growth of both strains contained about equal molecular 
proportions of ammonium nitrate and magnesium sulphate, and a partial 
concentration of monopotassium phosphate about six times as great as that 
of either of the other two. Steinberg (1919) thought that the increased 
yield which he observed with large amounts of magnesium sulphate was 
due to iron impurities in this salt; but Currie (1917) found that iron did 
not increase the growth of Aspergillus niger when the nutrient solution was 
supplied with ammonium nitrate. 


100K H2P04. 











100-MgS04 O-KH2P0¢. 100-NH4NOs 


Fig. 12. Relative weights of felts of Aspergillus niger as influenced by varying the 
proportions of the three salts of Pfeffer’s solution. Numbers denote percentages of 
highest weight taken as 100. Points in triangle indicate compositions of culture solu- 
tions. Contour lines divide area of triangle into the following zones: 0 to 25; 25 to 50; 
50 to 75; 75 to 100. 


The experiment just described was repeated on a more extensive scale 
by means of a duplicated series in which twenty-nine different sets of salt 
proportions were tested. These included eighteen new solutions in addition 
to the eleven that had previously been employed. The results of this ex- 
periment appear in table 13 and are represented graphically in the triangle 
of figure 12. 
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After expressing the dry weights of the felts as percentages of the 
heaviest, the resulting relative weights were divided into four groups: (1) 
from 75 to 100 per cent of the heaviest, (2) from 50 to 75, (3) from 25 to 
50, and (4) from zero to 25. Contour lines were drawn on the triangle to 
include the ranges of values just indicated. The two outer zones of course 
are only rough approximations. In drawing the contour line that separates 
them it was assumed that each of the three sides of the triangle would 
represent zero growth; this seemed justified since it had been found by 
experiment that Aspergillus gave no growth if supplied with only two of 
the salts of Pfeffer’s solution. The other two zones, however, seem to be 
fairly well defined by the numerous yield values which they include. 

TABLE 14 


Influence on the growth of Aspergillus niger of varying the proportions of the three salts of Pfeffer’s 
solution with calcium chloride present in addition to the three salts. 

















RELATIVE VOLUME-MOLECULAR PROPORTIONS OF SALTS° CONCENTRATION DRY WEIGHT OF MYCELIUM® 
or CaCl 

KH,PO, NH.NO; MgSO, Actual Relative 

M Grams Per cent 
5.0 5.0 90.0 .0625 . 503 93 
5.0 47.5 47.5 .0625 .359 67 
5.0 90.0 5.0 .0625 .255 47 
15.0 15.0 70.0 .0625 .539 100 
15.0 70.0 15.0 .0625 .307 57 
21.4 72.7 5.9 Zero .291> 54> 
33.3 33.3 33.3 -0625 . 366 68 
47.5 5.0 47.5 -0625 . 256 48 
47.5 47.5 5.0 .0625 .255 47 
70.0 15.0 15.0 -0625 .323 60 
90.0 5.0 5.0 -0625 . 203 38 




















* Each value represents the mean for 6 cultures. 

> Control culture, supplied with same concentrations as in Pfeffer’s solution. Value represents 
the mean for 12 cultures. 

° Total salt concentration without CaCle, 0.1718 M. 


It will be noticed that the zone of high yields is in the lower left-hand 
corner of the triangle, corresponding to relatively high proportions of mag- 
nesium sulphate combined with low and medium proportions of the other 
two salts. The distribution of dry yields exhibits in general a satisfactory 
agreement with that obtained in the preceding experiment. The highest 
yield (indicated by 100 in the triangle) was obtained with a solution which 
had not been used in the preceding experiment; it contained less potassium 
phosphate than the best solution of the former experiment. But the solu- 
tion that had been best in the preceding experiment gave a relative yield 
of 97 in the present experiment. The difference between the values 100 
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and 97 is so small that it is probably not significant. The control culture, 
supplied with the standard Pfeffer’s solution, had a relative dry yield of 
only 52 per cent of that secured with the best solution. The results of this 
more extensive experiment show clearly, as do those represented graphi- 
cally in figure 11, that the proportions of Pfeffer’s solution can be improved 
for the growth of Aspergillus by increasing the partial concentration of 
magnesium sulphate and decreasing that of ammonium nitrate. 


100-HKH2P04 








ie) 
93 559g 67 507g. 4 
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100-Mg S04. O-KH2P04 100-NHgNO3 


Fig. 13. Relative and actual dry weights of felts of Aspergillus niger as influenced 
by varying the proportions of the three salts of Pfeffer’s solution, when each culture 
solution contained 0.0625 M calcium chloride. Upper numbers denote percentages of 
highest weight taken as 100; lower numbers denote actual weights, for culture solutions 
whose compositions are indicated by the positions of the points in the triangle. 


A third series of cultures was conducted in an attempt to determine 
whether the addition of calcium chloride to the culture solutions would 
influence the distribution of dry yields, as these are related to the mo- 
lecular proportions of the three salts of Pfeffer’s solution. For this purpose 
calcium chloride in a concentration of 0.0625 M was added to each of ten 
culture solutions in which the proportions of the salts were varied in the 
same way as in the first experiment. The results of growing Aspergillus in 
these solutions are given in table 14 and are shown graphically in the 
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triangle of figure 13. A comparison of the three sets of triangular graphs— 
the first two for solutions lacking calcium and the last for those containing 
this element—fails to reveal any differences, either in the distribution of 
yields or in their absolute values, that can with certainty be ascribed to 
the influence of calcium. Very high dry yields were obtained in the lower 
left-hand corner of the triangle, both in the presence and in the absence 
of calcium. Very low yields are indicated for the lower right-hand corner 
and for the upper apex, with and without calcium. Such differences as 
exist between the dry yields of the corresponding cultures appear to have 
been due to the variability of the biological material rather than to the 
presence or absence of calcium. Variations between the two series lacking 
calcium are as great as those between either of these series and the series 
containing calcium. In general the comparison of these three experiments 
leads to the conclusion that calcium had no very pronounced influence 
on the responses of the fungus to the main nutrient salts. The presence of 
calcium chloride in the culture solution seemed to cause the fruiting to ap- 
pear brownish in color, rather than black; hence calcium may tend to 
increase the formation of the yellow pigment often seen in the hyphae of 
this fungus, especially when the spores germinate on bread. Some of this 
yellow pigment probably dissolves in the nutrient solution, giving it the 
characteristic yellow appearance caused by the addition of a calcium salt. 
Thom and Church (1926, p. 11) point out a relation between the produc- 
tion of yellow colors and acid conditions of the substrata. 


SUMMARY 


Aspergillus niger and Penicillium sp. were grown in Pfeffer’s solution 
and in certain variations of this solution. The fungi were cultured in 150 
cc. Pyrex flasks, Aspergillus in an incubator at 34°C. for 5 days, Penicillium 
at a room temperature of about 22°C. for 6 days. The felts were placed 
on weighed filter papers, dried at 65° to 70°C. for at least 3 days and 
weighed. The weights of the felts and the appearance of the cultures, par- 
ticularly with respect to conidium formation, were used as the basis for a 
comparison of the physiological effects of the culture solutions. The prin- 
cipal conclusions follow: 

The weights of the felts alone could not be taken as a satisfactory cri- 
terion of the development of these fungi without also taking into con- 
sideration their fruiting. 

Magnesium was found to be absolutely essential for the growth of both 
Aspergillus and Penicillium. This element must be required for some im- 
portant but as yet unknown physiological function; and for good growth 
of the fungi it must be supplied in concentrations higher than 0.0001 gram 
molecule per liter of the culture solution. Though obviously not required 
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for the production of chlorophyll in these fungi, magnesium is as indis- 
pensable for them as for the higher green plants. High concentrations of 
magnesium poison Aspergillus as they do the higher plants, but the mini- 
mum toxic concentration is greater for the fungus. 

Spectrographic analysis showed that some calcium was present in the 
mycelium of Aspergillus grown in Pfeffer’s solution that had been pre- 
pared with doubly distilled water and the best grade of salts obtainable. 
The fungus was evidently able to absorb small amounts of calcium which 
were supplied as an impurity in the mineral salts or sugar, or it derived 
these salts from the spores. Precipitation tests with sodium oxalate showed 
that the culture solutions contained less than 0.000001 M of a salt of cal- 
cium—that is, less than 1 part of calcium per 25 million parts of the culture 
medium. Aspergillus also was found to make excellent growth in a culture 
solution containing a very high concentration (0.1 M) of sodium oxalate, 
which presumably would precipitate all but exceedingly minute traces of 
calcium. These considerations lead to the conclusion that if calcium is 
essential for the development of Aspergillus it is needed only in extremely 
small quantities; the amount of calcium required—if any—is no greater 
than the quantity of boron, zinc, manganese, iron, or copper that is es- 
sential for the higher green plants and possibly also for the fungi. 

Calcium chloride did not antagonize the poisoning of Aspergillus due to 
high concentrations of magnesium chloride in the culture solution. In a 
concentration of 0.1 M, it increased the toxic effect. 

A stimulation of mycelial growth that resulted from addition of sodium 
chloride to the culture medium was decreased when calcium chloride was 
also added; but the addition of both of these salts produced felts which 
were more abnormal in appearance than those obtained by the addition 
of either salt alone to Pfeffer’s solution. 

Calcium chloride decreased the well-known stimulation of mycelial 
growth due to zinc sulphate; but the addition of these two salts had a 
decidedly toxic effect on the fungus felts, spore formation being sup- 
pressed much more than with either salt alone in Pfeffer’s solution. 

A marked improvement over the standard salt proportions of Pfeffer’s 
solution was obtained by varying the three salts in a systematic manner. 
The growth of Aspergillus niger was greatest in solutions that contained 
higher proportions of magnesium sulphate and lower proportions of am- 
monium nitrate than those of Pfeffer’s solution. The addition of a calcium 
salt seemed to have no pronounced influence on the growth responses of 
Aspergillus to the three main salts. 
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The anatomy of the leaf of Panicum palmifolium 


TERzo P. AMIDEI 
(WITH THREE TEXT FIGURES) 


In general every foliage leaf of the grass plant consists of two parts, the 
blade and the sheath. The ligule, which varies in size and shape, also oc- 
curs in most grass leaves. A petiole-like stalk is inserted between the blade 
and the sheath in the leaves of a few tropical and semi-tropical grasses, 
such as Pharus, Phyllorachis, Olyra, Ischaemum, many of the Bambusae and 
some of the species of Panicum (Hackel, 1890). The leaves of many of these 
plants have broad plicate blades. 

The above mentioned features of the grass leaf are all exemplified in 
the leaf of Panicum palmifolium Willd.,) plants of which have been suc- 
cessfully grown in the greenhouse at Indiana University for many years. 
Because of the ease with which the plant can be grown, I have been able 
to get for this study all stages in the development from the seed to the 
adult plant. 

The peculiar features of the leaf give rise to many questions, of which 
the following are examples: (1) Is the stalk of the leaf a real petiole? (2) 
What is the mode of development and the internal effect of the corruga- 
tions of the leaf? (3) What are the functions of the corrugations? (4) Is the 
venation of the leaf really pinnate? (5) How is the corrugated leaf related 
phylogenetically to the ordinary flat leaf of grasses? 


LITERATURE 


In the extensive literature on the anatomy of the grass leaf, some of 
these questions have dlready been considered as applied to other grasses. 
Duval-Jouve (1875) gives a summary of the work done up to 1865 making 
special mention of Scheuzcher, Babel and P. de Beauvois. Scheuzcher was 
the first botanist to divide the grass leaf into blade, sheath and ligule. 
P. de Beauvois (1822) supported a theory that Linnaeus set forth in the 
thesis of his student, H. Gahn. Linnaeus thought that all the leaves of 
grasses were similar in structure. This idea, resulting from insufficient 
study on the part of de Beauvois, hindered the investigations along this 
line for a long time. In 1865, Wiess saw the openings of the stomata and a 
few years later Pfitzer tried to explain the function and the make-up of 
the stomata. 

Duval-Jouve was primarily interested in finding anatomical character- 
istics which would have taxonomic value. Pée-Laby (1898) carried this idea 
a step farther, attempting as he says in the introduction, to group the 
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grasses of France according to taxonomic characters of the leaves and to 
make known the physiological réle of certain foliar tissues based upon the 
arrangement, the structure, and the development of their elements. The 
work done since 1865 on the grass leaf is summarized by Lév (1926) in a 
paper on the mechanism of the unfolding of the leaves of monocotyledon- 
ous plants. 

GENERAL FORM OF THE LEAF 


At the present time, there are various theories as to the anatomical 
significance of the parts of the grass leaf. De Candolle’s phyllode theory, 
also supported by Arber (1918), maintains that the monocotyledonous 
leaf does not correspond to the complete dicotyledonous leaf with its 
base, stipules, blade, and petiole, but is merely equivalent to the petiole 
and the sheathing base. Another theory championed by Bugnon (1921) 
holds that the blade is equivalent to the basal sheath of the leaf of the 
dicotyledon and that the sheath of the grass leaf is a new structure. A 
third and more common theory is that the parts of the grass leaf are the 
same as those of the dicotyledonous leaf; the sheath of the grass leaf is 
equivalent to the leaf base, and the ligule to the stipules; the blade is the 
same in both and the stalk present in some grass leaves is a true petiole 
(Hitchcock, 1922). It is not my purpose to give further evidence on the 
theories, but I shall use the nomenclature of the last mentioned. 

The leaves of Panicum palmifolium have four distinct parts, sheath, 
petiole, ligule and blade. The broad blade tapers towards both ends to a 
general oblanceolate form. The upper surface is covered with fine velvety 
hair and the margin is minutely serrate. Its most striking feature is the 
series of oblique longitudinal folds which are especially prominent when 
the plant has insufficient moisture. There is a prominent midrib, and it 
continues in some of the leaves as a distinct petiole. In the case of the 
young plants, the petiole may be from two to four inches long but in the 
leaves formed later it is very short or entirely lacking. The ligule is made 
up of long hairs. The sheath is much like that of the other grasses. 

The oldest tissues of a grass leaf are at the top and growth continues 
at the base long after the tip is mature. The fact that the leaf has a petiole, 
blade, sheath, and ligule that are so different from one another, raises the 
question as to how all of them could have grown from a single primordium 
in the bud. No attempt to answer this question will be made here, 


THE CORRUGATIONS OF THE BLADE 


The development and the functions of the corrugations of the leaves 
of this kind have received attention from many workers. When the leaf 
emerges from the bud, it is folded flat as a fan and expands by a hinge ac- 
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Figs. 1-4. 1. Cross section of a seedling showing juvenile leaf. b, fibrovascular 
bundle; c, coleoptile; /, juvenile leaf. Fig. 2. Cross section of a seedling showing the 
first folded leaf. /, first folded leaf; s, sheath of the juvenile leaf. Fig. 3. Cross sec- 
tion of a much later leaf still in the bud. The sheaths on the outside removed; mr, 
midrib. Fig. 4. Cross section of seedling showing third folded leaf. s; sheath of first 
folded leaf; s; sheath of second folded leaf; /, third folded leaf. 
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tion of the folds. At the bottom of each groove is a line of bulliform cells 
which are ordinarily thought to bring about the folding and the unfolding 
of the blade by a response to the change of moisture. 

Duval-Jouve would have one think that it is the retardation of the 
growth of the bulliform cells which gives rise to the folded vernation of the 
leaf in the bud. He finds evidence of this in the comparison of an adult leaf 
and a young leaf. Pée-Laby (1898) believes that Duval-Jouve has gone a 
little too far in giving the bulliform cells so much influence on the verna- 
tion of the leaf in the bud especially when they are not present or are 
scarcely visible. “‘Cependant, il est allé un peu loin, 4 mon avis, en leur 
attribuant une influence prépondérante dans la mode de vernation de la 
feuille en bouton, lorsque ces cellules n’existent pas encore ou sont 4 peine 
sensible.”” Both Duval-Jouve and Pée-Laby tell of the folding and the 
unfolding of the leaves when they mature, but they say nothing as to the 
initial unfolding. Lév believes that the initial expansion of the leaf is not 
the result of equal growth of all the cells but rather a rapid enlargement 
of more or less specialized cells which up to the time of unfolding have 
lagged behind the others in development. 

To obtain some definite views on this problem, a study was made of 
the development of the leaves at five different stages: (1) a very young 
leaf in the bud, (2) an older stage in the bud, (3) a leaf that is coming out 
of the bud, (4) a leaf that is unfolding, and (5) a leaf that is unfolded. 

The material was fixed, sectioned, and stained in the ordinary way and 
the results obtained were probably not dependent on any special feature of 
the method of procedure. 

An examination of a very young leaf shows the cells all alike, with no 
differentiation among the tissues (fig. 2).1 At the apex the blade is folded 
in the middle. As we approach the greatest width of the blade, the folds on 
each side of the midrib increase in number and then decrease again as we 
approach the base of the blade. The number of folds at this stage of de- 
velopment depends on the size of the leaf, that is, the small first leaves of 
the plants have fewer folds than the larger ones which follow them (figs. 
3, 4). 

The older leaves, still in the buds, show a beginning of the differentia- 
tion of the vascular tissue (fig. 4). The epidermal cells are all alike in con- 
tents; the only difference that is noticeable is that those in the folds are 
smaller. 

When a portion of the leaf emerges from the bud, it shows a complete 
differentiation of all the main tissues (fig. 3). The epidermal cells are well 


? All the figures pertain to Panicum palmifolium Willd. They are camera lucida 
drawings from microtome sections. 
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developed except for those that are found in the folds. These are still small 
and full of dense protoplasm (fig. 6). It will be noticed that there are two 
folds between each two adjacent large primary bundles (fig. 5). Iam of the 
opinion that this is the reason that both Duval-Jouve and Pée-Laby 
thought they saw the bulliform cells. What they really saw was the group 
of small cells at the base of the folds, which are later to become bulliform 
cells. 

The first step in the unfolding of the leaf is the spreading apart of the 
two halves (fig. 7); this is a mechanical process that will occur whenever 





Figs. 5, 6. 5. A portion of fig. 3 enlarged. Fig. 6. A portion of fig. 5 enlarged; 
le, lower epidermis; pb, primodial bulliform cells; sc, sclerenchyma tissue; st, stoma; 
ue, upper epidermis. 


the leaf obtains enough room. The other folds are still present. In the 
parts of the leaves that have unfolded, it will be noticed that the small 
cells which were in the folds have grown fourfold to tenfold making them 
much larger than the rest of the epidermal cells; these are the bulliform 
cells. The leaf is not regular in its method of unfolding. In some of the 
leaves it begins in the center and in others at the ends; and sometimes it 
is somewhere between. Though there is no regularity in the unfolding, the 
bulliform cells of the upper epidermis develop before the corresponding 
cells of the lower epidermis. The irregularity in the process of the unfolding 
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should be studied more carefully and more extensively before any con- 
clusions are to be drawn from it. 

A section of the adult leaf shows the typical ridges and grooves (figs. 
8-11). How well defined the ridges and grooves will be depends on the con- 
dition of the plant when the leaves were fixed. A leaf that has fully turgid 
bulliform cells will be almost flat (fig. 11). 

It is certain that the initial folds and the initial unfolding are not 
caused by the hygroscopic sensitiveness of the bulliform cells. The initial 
folds must be attributed to the crowded conditions in the bud and the 
initial unfolding to the rapid development of the bulliform cells which 
have been retarded in the limited space at the bottom of the grooves be- 
tween the folds. 

VENATION 


The venation of the leaf is of interest because it appears to be pinnate. 
The corrugations extend obliquely from the midrib to the margin and the 
veins run into the midrib. 

An examination of the sections shows that after the vein runs into the 
midrib it continues down the midrib without uniting with the other 
bundles. In a section of the midrib, the bundles are arranged in a crescent 
on the lower side. By counting, it is found that the number of main bundles 
at the base of the leaf, where the leaf is mostly petiole, is almost the same 
as the number found at the greatest width of the blade. 

Several methods were tried in the attempt to prepare the whole leaf 
blade for a study of venation. The method that Evans (1928) used in his 
study of the bundles of the stem of Zea Mays did not prove successful be- 
cause the amount of sclerenchyma makes the process of retting almost 
impossible. The best method found was to decolorize, stain and clear the 
leaf and then to examine at low magnification. The leaves were decolor- 
ized with alcohol and placed in anilin safranin for twelve or more hours. 
After sufficient destaining and dehydration with alcohol, they were grad- 
ually changed to xylol. 

On the examination of these leaves, it was found that the veins were 
almost parallel to each other, and that most of them went into the midrib, 
and from there they went down the midrib as separate individuals. At the 
base of the blade a few veins were found to unite with others instead of 
going separately into the midrib. This is an indication of a tendency to- 
wards true pinnate venation. Besides these there are found in the leaf 
blade a great number of veinlets that merely provide cross connections 
between the main veins. In spite of these lateral unions of veins it seems 
that we have only a slight modification of the parallel venation common in 
other grasses. 
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PHYLOGENY 


The folded leaf blade is an adaptation of the plant to a definite set of 
conditions. When the leaf is still in the bud, it is necessary that it be folded 





Figs. 7-11. 7. A cross section of a leaf that has emerged. Fig. 8. A portion of a cross 
section of a blade showing three groups of bulliform cells; bc, bulliform cells; le, lower 
epidermis; ue, upper epidermis. Fig. 9. Cross section of blade showing a group of bulli- 
form cells. bc, bulliform cells; le, lower epidermis; s/, stoma; we, upper epidermis. Fig. 
10. Cross section of the edge of the blade. bc, bulliform cells; le, lower epidermis; sc, 
sclerenchyma tissue; ue, upper epidermis. Fig. 11. Cross section of the blade showing 
a group of turgid bulliform cells. 
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to be accomodated to the small space. When it is fully developed the folds 
hold the blade rigid and prevent too rapid transpiration. 

The folded leaf seems to be a characteristic of recent evolution as is 
seen in the seedling. The plant starts its growth like all other species of 
grasses. The first leaf of the seedling is rolled in the bud but flat after it 
emerges (fig. 1). The successive leaves gradually change from the flat type 
to one that is folded, each leaf being wider and having more folds than the 
one that precedes it. The increase in the number of folds is due to the fact 
that the broader leaf is in a bud that has increased very little in diameter. 

The bulliform cells, as was said before, develop during the initial un- 
folding of the leaves; the juvenile leaf never forms any bulliform cells. In 
most grasses, these cells are developed only on the upper surface; but a 
few species, like the one under consideration, have bulliform cells on both 
sides of the blade. In any one part of the blade of Panicum palmifolium 
the bulliform cells of the upper surface develop before those of the lower 
surface. 

These characteristics of the juvenile leaf and the order of the develop- 
ment of the bulliform cells do not prove anything but their close resem- 
blance to the typical leaf structure of common grasses is cited as good evi- 
dence of the recent evolution of the plicate blade. 


SUMMARY 


1. The leaf of Panicum palmifolium has a broad plicate blade, short 
petiole, hairy ligule, and an ordinary sheath. 


2. The leaf is folded conduplicately in the bud. This mode of verna- 
tion is caused by the crowded conditions that exist. 


3. The initial unfolding of the leaf is caused by the development of the 
bulliform cells. The folding and the unfolding of an adult leaf is caused by 
the hygroscopic sensitivity of the bulliform cells. 


4. The venation which superficially seems to be pinnate is not really 
pinnate. When the veins enter the midrib, they continue down the midrib 
as separate individuals. The superficial effect is caused by the oblique 
folds of the blades. 


5. The features of the juvenile leaf and the order of the development 
of the bulliform cells seem to indicate that the plicate leaf is of recent 
origin. 


The writer wishes to express his appreciation to Dr. Paul Weatherwax 
of Indiana University, under whose direction the work was carried on, and 
to whom he is greatly indebted for advice and criticism. 
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North America. Am. Jour. Bot. 19: 334-339. f. I-4. 27 Ap 
1932. 

Darlington, C. D., & Janaki Ammal, E. K. The origin and be- 
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havior of chiasmata. I. Diploid and tetraploid Tulipa. Bot. 
Gaz. 93: 296-312. f. 1-10. 14 My 1932. 

Dice, L. R. A preliminary classification of the major terrestrial 
ecologic communities of Michigan, exclusive of Isle Royale. 
Papers Michigan Acad. Sci. 16: 217-239. map 5. Mr 1932. 

Dodge, B. O. The non-sexual and the sexual functions of micro- 
conidia of Neurospora. Bull. Torrey Club 59: 347-360. 
pl. 23, 24+-f.1.15 Je 1932. 

Dodge, B. O., & Swift, M. E. Black stem-rots and leaf spot of 
Pelargonium. Jour. N. Y. Bot. Gard. 33: 97-103. f. 1, 2. 
My 1932. 

Drayton, F. L. The sexual function of the microconidia in cer- 
tain Discomycetes. Mycologia 24: 345-348. 2 My 1931. 

Drouet, F. A list of algae from Missouri. Bull. Torrey Club 59: 
289-300. pl. 18, 19. 24 My 1932. 

East, E. M. Futher observations on Lythrum salicaria. Genetics 
17: 327-334. My 1932. 

Eastwood, A. New species of plants from western North Amer- 
ica. Proc. California Acad. Sci. 20: 135-160. 18 D 1931. 

Eckerson, S. H. Conditions affecting nitrate reduction by 
plants. Contr. Boyce Thompson Inst. 4: 119-130. Je 1932. 

Emmert, E. M. Field method for estimating nitrate, phosphate, 
and potassium in plants. Plant Physiol. 7: 315-321. Ap 
1932. 

Emmons, C. W. Pleomorphism and variation in the Dermato- 
phytes. Arch. Derm. & Syph. 25: 987-1001. f. 1-5. Je 1932. 

Espina, R., & Giacometto, J. Trees of the Sierra Nevada de 
Santa Marta. Trop. Woods 30: 17-37. 1 Je 1932. 

Ezekiel, W. N., Taubenhaus, J. J., & Fudge, J. F. Growth of 
Phymatotrichum omnivorum in plant juices as correlated 
with resistance of plants to root rot. Phytopathology 22: 
459-474. My 1932. 

Fernald, M. L. Another localized variety of Bidens heterodoxa. 
Rhodora 34: 116-117. 3 Je 1932. 

Fernald, M. L. Corylus americana, forma missouriensis. Rho- 
dora 34: 96. 4 My 1932. 

Fernald, M. L. Does Juncus bulbosus occur in Massachusetts? 
Rhodora 34: 117-118. 3 Je 1932. 

Fernald, M. L. An estuarine variety of Mimulus ringens. Rho- 
dora 34: 118-119. 3 Je 1932. 

Fernald, M. L. The New Hampshire record for Rynchospora 
Torreyana. Rhodora 34: 112-113. 3 Je 1932. 

Frick, G. A. Euphorbia Hislopii N. E. Br. Jour. Cactus & Succ.. 
Soc. Am. 3: 174. illust. My 1932. 
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Fuller, A. M. A natural Cypripedium hybrid from Wisconsin. 
Rhodora 34: 97-101. f. 1-5. 3 Je 1932. 

Gilbert, B. E., & Pember, F. R, Flower production from Gladi- 
olus corms harvested at different stages of ripening. Plant 
Physiol. 7: 309-314. Ap 1932. 

Gill, L. S. Notes on the pycnial stage of Peridermium cere- 
broides. Mycologia 24: 403-409. f. 1-3. 1 Jl 1932. 

Gleason, H. A. The pronunciation of botanical names. Torreya 
32: 53-58. My—Je 1932. 

Gleason, H. A. Studies on the flora of northern South America. 
XVI. Eleven neglected species of Miconia. Brittonia 1: 
113-126. Ap 1932; XVII. Bull. Torrey Club 59: 361-376. 
15 Je 1932. 

Gleason, H. A. A synopsis of the Melastomataceae of British 

Guiana. Brittonia 1: 127-184. Ap 1932. 


Includes description of five new species. 


Godfrey, G. H., & Oliveira, J. The development of the root- 
knot nematode in relation to root tissues of pineapple and 
cowpea. Phytopathology 22: 325-348. f. 1-2. Ap 1932. 

Goodspeed, T. H. Some subarborescent species of Nicotiana. 
Bot. Gaz. 93: 340-341. 14 My 1932. 

Graff, P. W. The morphological and cytological development of 
Meliola circinans. Bull. Torrey Club 59: 241-266. pl. 16, 17. 
24 My 1932. 

Greene, E. C. Jr. Santa Maria: a neotropical timber of the genus 
Calophyllum. Trop. Woods 30: 9-16. 1 Je 1932. 

Greene, R. A. Composition of the fiber and waste of Agave 
lechugutlla. Bot. Gaz. 93: 484-491. 21 Je 1932. 

Guba, E. F., & Linder, D, H, Mycological nomenclature. My- 
cologia 24: 415-419. 1 fl 1932. 

Guthrie, J. D., Denny, F. E., & Miller, L. P. Effect of ethylene 
chlorhydrin treatments on the catalase, peroxidase, pH, 
and sulphydryl content of Gladiolus corms. Contr. Boyce 

' Thompson Inst. 4: 131-140. Je 1932. 

Gyelnik, V. Some lichens of Oregon. Mycologia 24: 342-344. 
2 My 1932. 

Haas, A, R, C. Some nutritional aspects in mottle-leaf and other 
physiological diseases of Citrus. Hilgardia 6: 483-559. f. 
1-35. Ap 1932. 

Haas, A. R. C., & Halma, F. F. Relative transpiration rates in 
Citrus leaves. Bot. Gaz. 93: 466-473. f. 1-4. 21 Je 1932. 

Haasis, F. W. Seasonal shrinkage of Monterey pine and redwood 

trees. Plant Physiol. 7: 285-295. f. 1-4. Ap 1932. 
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Hamly, D. H. Softening of the seeds of Melilotus alba. Bot. Gaz. 
93: 345-375. pl. 4, 5+-f. 14. 21 Je 1932. 

Hanna, G. D. The diatoms of Sharktooth Hill, Kern County, 
California. Proc. California Acad. Sci. 20: 160-263. pl. 2- 
18. 8 Ja 1932. 

Harper, R. M. Useful plants of Yucatan. Bull. Torrey Club 59: 
279-288. 24 My 1932. 

Hayward, H. E. The seedling anatomy of Jpomoea batatas. Bot. 
Gaz. 93: 400-420. pl. 6,7+f. 1-18. 21 Je 1932. 

Henika, F. S. The inheritance of the White Burly character in 
tobacco. Jour. Agr. Res. 44: 477-493. f. 1. 15 Mr 1932. 
Hertrich, W. Notes on genus Myrtillocactus. Jour. Cactus & 

Succ. Soc. Am. 3: 175-178. tllust. My 1932. 

Hicks, L. E. Ranges of pH tolerance of the Lemnaceae. Ohio 
Jour. Sci. 32: 237-244. My 1932. 

Hitchcock, A. E., Crocker, W., & Zimmerman, P. W. Effect of 
illuminating gas on the lily, narcissus, tulip, and hyacinth. 
Contr. Boyce Thompson Inst. 4: 155-176. f. 1-6. Je 1932. 

Hoffman, A. D, Miocene insect gall impressions. Bot. Gaz. 93: 
341-342. f. 1. 14 My 1932. 

Hollingshead, L. The occurrence of unpaired chromosomes in 
hybrids between varieties of Triticum vulgare. Cytologia 3: 
119-141. f. 1-43. 30 Ap 1932. 

Hotchkiss, N. A botanical survey of the Tug Hill plateau. N. Y. 
St. Mus. Bull. 287: 1-123. f. 1-15. Ja 1932. 

Howell, J. T. The genus Pogogyne. Proc. California Acad. Sci. 
20: 105-128. pl. 1. 18 D 1931. 

Howell, J. T. A Great Basin species of Physocarpus. Proc. Cali- 
fornia Acad. Sci. 20: 129-134. 18 D 1931. 

Hull, F. G., & Grossman, E. F. Heat-induced chlorophyl muta- 
tions in maize. Jour. Heredity 23: 123-127. f. 16, 17. Mr 
1932. 

Illick, J. T. Significance of chromosome behavior during diakine- 
sis in Oenothera. Bot. Gaz. 93: 313-327. f. 1-16. 14 My 
1932. 

Jenkins, A. E. Elsinoe on apple and pear. Jour. Agr. Res. 44: 
689-700. pl. 1-3+f. 1. 1 My 1932. 

Jenkins, M. T. An additional pair of factors affecting antho- 
cyanin pigment in maize. Jour. Agr. Res. 44: 495-502. f. J. 
15 Mr 1932. 

Johnson, F. H. Effects of electromagnetic waves on fungi. 
Phytopathology 22: 277-300. f. 1-3. Ap 1932. 

Johnston, C. O. & Mains, E. B. Studies on physiologic special- 
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ization in Puccinia triticina. U. S. Dep. Agr. Tech. Bull. 
313: 1-22. f. 1, 2. My 1932. 

Johnston, I. M. The flora of the Revillagigedo Islands. Proc. 
California Acad. Sci. 20: 9-104. 18 N 1931. 

Jones, H. A., & Bisson, C. S. Changes in the composition of the 
garden pea after harvest. Plant Physiol. 7: 273-283. Ap 
1932. 

Kearney, T. H., & Harrison, G. J. Pollen antagonism in cotton. 
Jour. Agr. Res. 44: 191-226. 1 F 1932. 

Kelso, L. A note on Anemopsis californica. Am. Midl. Nat. 13: 
110-113. My 1932. 

Kessler, R. Dudleya candida. Desert 4: 14. Je 1932. 

Kesten, B. M., Ashford, B. K., Benham, R. W., Emmons, C. W., 
& Moss, M. C. Fungus infections of the skin and its ap- 
pendages occurring in Porto Rico. Arch. Derm. & Syph. 
25: 1046-1055. f. 1-5. Je 1932. 

Kohl, E. J. Investigations on apple blotch. Phytopathology 22: 
349-369. f. 1-9. Ap 1932. 

Lawton, E. Regeneration and induced polyploidy in ferns. Am. 
Jour. Bot. 19: 303-333. f. 1-22. 27 Ap 1932. 

Lewis, H. F. An annotated list of vascular plants collected on 
the north shore of the Gulf of St. Lawrence, 1927-1930. 
Canadian Field Nat. 46: 36-40. 1 F 1932; 64-66. 1 Mr 
1932; 89-95. 1 Ap 1932. 

Lewitzky, G. Experimentally induced alterations of the mor- 
phology of chromosomes. Am. Nat. 65: 564-567. f. I-5. 
D 1931. 

Lindstrom, E. W. A fertile tetraploid tomato cross-sterile with 
diploid species. Jour. Heredity 23: 115-121. f. 13-15. Mr 
1932. 

Lindstrom, E. W. First-chromosome genes in the tomato. Ge- 
netics 17: 351-357. My 1932. 

Lineweaver, H., Burk, D., & Horner, C. K. The temperature 
characteristic of respiration of Azotobacter. Jour. Gen. 
Physiol. 15: 497-505. f. 1. 20 My 1932. 

Linford, M. B. Transmission of the pineapple yellow-spot virus 
by Thrips tabaci. Phytopathology 22: 301-324. f. 1-8. Ap 
1932. 

Lloyd, F. E., & Barnes, T. C. Changes in the cells of Spirogyra 
associated with the presence of water polymers. Proc. Nat. 
Acad. Sci. 18: 422-427. f. 1, 2.15 Je 1932. 

Longley, A. E. Chromosomes in grass sorghums. Jour. Agr. Res. 
44: 317-321. f. 1-3. 15 F 1932. 
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Ludwig, C. A. The germination of cottonseed at low tempera- 
tures. Jour. Agr. Res. 44: 367-380. f. 1-3. 15 F 1932. 
Lund, E. J. Control of the flux equilibrium of electrochemical 
processes and electric polarity in the Douglas fir by tem- 

perature. Plant Physiol. 7: 297-307. illust. Ap 1932. 

McArdle, R. E. The relation of mycorrhizae to conifer seedlings. 
Jour. Agr. Res. 44: 287-316. pl. 1, 2.4+-f. 1-7. 15 F 1932. 

McCallan, S. E. A., & Wilcoxon, F. The precision of spore ger- 
mination tests. Contr. Boyce Thompson Inst. 4: 233-243. 
f. 1. Je 1932. 

Mains, E. B. Calvin Henry Kauffman 1869-1931. Phytopathol- 
ogy 22: 271-275. portrait. Ap 1932. 

- Mains, E. B. Calvin Henry Kauffman. Mycologia 24: 265-267. 
pl. 6.2 My 1932. 

Martin, G. W. Systematic position of the slime molds and its 
bearing on the classification of the fungi. Bot. Gaz. 93: 
421-435. 21 Je 1932. 

Mathews, A. C. Cytological observations on zoospore formation 
in Leptolegnia caudata de Bary. Jour. Elisha Mitchell Sci. 
Soc. 47: 281-292. pl. 26, 27. My 1932. 

Matzke, E. B. Flower variations and symmetry patterns in 
Stellaria media and their underlying significance. Am. Jour. 
Bot. 19: 477-507. f. 1-119. Je 1932. 

Merrill, E. D. The so-called Chinese evergreen—A glaonema 
modestum. Jour. N. Y. Bot. Gard. 33: 93-97. f. 1. My 1932. 

Miller, J. H., & Harvey, H. W. Peanut wilt in Georgia. Phyto- 
pathology 22: 371-383. f. 1-3. Ap 1932. 

Moldenke, H. N. Some new species of Aegiphila from Central 
and South America. Brittonia 1: 185-194. Ap 1932. 

Morrow, M. B. The soil fungi of a pine forest. Mycologia 24: 
398-402. 1 Jl 1932. 

Morton, C. V. Buesia, a new subgenus of Hymenophyllum from 
Peru. Bot. Gaz. 93: 336-339. f. 1. 14 My 1932. 

Morton, C. V. Five new South American species of Mascagnia. 
Proc. Biol. Soc. Washington 45: 49-54. 2 Ap 1932. 

Mulay, A. S. Seasonal changes in the composition of the in- 
soluble nitrogen fraction in the current year’s shoots of 
Bartlett pear. Plant Physiol. 7: 323-327. Ap 1932. 

Netting, J. S. A second record for Listera Smalliit Wiegand in 
West Virginia. Torreya 32: 72. My—Je 1932. 

Nichols, G. E. Notes on Michigan Bryophytes. Bryologist 35: 
5-9. Ja 1932. 

Olitsky, P. K., & Forsbeck, F. C. The inactivation of mosaic 
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D 1931. 
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1932. 

Lindstrom, E. W. First-chromosome genes in the tomato. Ge- 
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McArdle, R. E. The relation of mycorrhizae to conifer seedlings. 
Jour. Agr. Res. 44: 287-316. pl. 1, 2.4-f. 1-7. 15 F 1932. 
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ogy 22: 271-275. portrait. Ap 1932. 
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pl. 6.2 My 1932. 

Martin, G. W. Systematic position of the slime molds and its 
bearing on the classification of the fungi. Bot. Gaz. 93: 
421-435. 21 Je 1932. 

Mathews, A. C. Cytological observations on zoospore formation 
in Leptolegnia caudata de Bary. Jour. Elisha Mitchell Sci. 
Soc. 47: 281-292. pl. 26, 27. My 1932. 

Matzke, E. B. Flower variations and symmetry patterns in 
Stellaria media and their underlying significance. Am. Jour. 
Bot. 19: 477-507. f. 1-119. Je 1932. 

Merrill, E. D. The so-called Chinese evergreen—A glaonema 
modestum. Jour. N. Y. Bot. Gard. 33: 93-97. f. 1. My 1932. 

Miller, J. H., & Harvey, H. W. Peanut wilt in Georgia. Phyto- 
pathology 22: 371-383. f. 1-3. Ap 1932. 

Moldenke, H. N. Some new species of Aegiphila from Central 
and South America. Brittonia 1: 185-194. Ap 1932. 

Morrow, M. B. The soil fungi of a pine forest. Mycologia 24: 
398-402. 1 Jl 1932. 

Morton, C. V. Buesia, a new subgenus of Hymenophyllum from 
Peru. Bot. Gaz. 93: 336-339. f. 1. 14 My 1932. 

Morton, C. V. Five new South American species of Mascagnia. 
Proc. Biol. Soc. Washington 45: 49-54. 2 Ap 1932. 

Mulay, A. S. Seasonal changes in the composition of the in- 
soluble nitrogen fraction in the current year’s shoots of 
Bartlett pear. Plant Physiol. 7: 323-327. Ap 1932. 

Netting, J. S. A second record for Listera Smallii Wiegand in 
West Virginia. Torreya 32: 72. My—Je 1932. 

Nichols, G. E. Notes on Michigan Bryophytes. Bryologist 35: 
5-9. Ja 1932. 

Olitsky, P. K., & Forsbeck, F. C. The inactivation of mosaic 
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disease virus by pulverizing infected tissue. Science II. 75: 
518-519. 13 My 1932. 

Oserkowsky, J. Hydrogen-ion concentration and iron content 
of tracheal sap from green and chlorotic pear trees. Plant 
Physiol. 7: 253-259. f. 1, 2. Ap 1932. 

Pastrana, M. D. Sporogenesis and sex determination in Begonia 
Schmidtiana. Am. Jour. Bot. 19: 365-384. pl. 26-—32+f. 
1-6. 27 Ap 1932. 

Penfound, W. T. The anatomy of the castor bean as conditioned 
by light intensity and soil moisture. Am. Jour. Bot. 19: 
538-546. f. 1-5. Je 1932. 

Pennell, F. W. Escobedia, a neotropical genus of the Scrophu- 
lariaceae. Proc. Acad. Nat. Sci. Philadelphia 83: 411-426. 
pl. 36-40. illust. 1 O 1931. 

Plitt, T. M. Some photoperiodic and temperature responses of 
the radish. Plant Physiol. 7: 337-339. f. 1. Ap 1932. 
Pope, M. N. Catalase activity in relation to the growth curve in 
barley. Jour. Agr. Res. 44: 343-355. f. 1-7. 15 F 1932. 
Pope, M. N. The growth curve in barley. Jour. Agr. Res. 44: 

323-341. f. 1-10. 15 F 1932. 

Porsild, A. E. Notes on the occurrence of Zostera and Zanni- 
chellia in Arctic North America. Rhodora 34: 90—94. illust. 
4 My 1932. 

Porter, C. L. Some Arctic-alpine mosses from the central Rocky 
Mountains. Bryologist 35: 11. Ja 1932. 

Potter, D. Botanical evidence of a post-Pleistocene marine con- 
nection between Hudson Bay and the St. Lawrence basin. 
Rhodora 34: 69-89. maps I-11. 4 My 1932; 101-112. 3 
Je 1932. 

Praeger, W. E. Did Shakespeare know plant hybrids? Jour. 
Heredity 23: 161-162. Ap 1932. 

Ragionieri, A. A new double Ranunculus produced by selective 
cultivation. Jour. Heredity 23: 157-158. allust. Ap 1932. 

Rea, H. E., & Karper, R. E. Propagating sorghum by cuttings. 
Am. Jour. Bot. 19: 464-476. f. 1, 2. Je 1932. 

Reeves, R. G., & Valle, C. C. Anatomy and microchemistry of 
the cotton seed. Bot. Gaz. 93: 259-277. f. 1-21. 14 My 1932. 

Riley, H. P. Self-sterility in shepherd’s purse. Genetics 17: 
231-295. My 1932. 

Risi, J. Périodes principes dans l’histoire de la botanique. Nat. 
Canadien 59: 113-130. My 1932. 

Robertson, D. W., Deming, G. W., & Koonce, D. Inheritance 
in barley. Jour. Agr. Res. 44: 445-466. 1 Mr 1932. 
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Rogers, C. H., & Shive, J. W. Factors affecting the distribution 
of iron in plants. Plant Physiol. 7: 227-252. Ap 1932. 
Rost, E. C. Cereus caesius monstrosus. Desert 4: 6-7. illust. My 

1932. 

Sawyer, W. H. Jr. Stomatal apparatus of the cultivated cran- 
berry Vaccinium macrocarpon. Am. Jour. Bot. 19: 508-513. 
pl. 41. Je 1932. 

Sayre, J. D. Methods of determining bound water in plant tis- 
sue. Jour. Agr. Res. 44: 669-688. f. 1, 2. 1 My 1932. 
Sayre, J. D., & Morris, V. H. Use of expressed sap in determin- 
ing the composition of corn tissue. Plant Physiol. 7: 261-— 

272. f. 1-5. Ap 1932. 

Shirley, H. L. Light intensity in relation to plant growth in a 
virgin Norway pine forest. Jour. Agr. Res. 44: 227-244. 
f. 1-7. 1 F 1932. 

Shull, C. A. Toxicity of root excretions. Plant Physiol. 7: 339- 
341. f. 1. Ap 1932. 

Shull, C. A., & Shull, S. P. Irregularities in the rate of the ab- 
sorption by dry plant tissues. Bot. Gaz. 93: 376-399. f. 
1-13. 21 Je 1932. 

Siggers, P. V. The brown-spot needle blight of longleaf pine 
seedlings. Jour. Forest. 30: 579-593. My 1932. 

Skutch, A. F. Anatomy of the axis of the banana. Bot. Gaz. 93: 
233-258. f. 1-10. 14 My 1932. 

Small, J. K. Cypress trees and air-plants. Jour. N. Y. Bot. 
Gard. 33: 117-123. f. 1-4. Je 1932. 

Smith, C. O. Two species hybrids. Hybrids of the saucer peach 
of possible value as ornamentals. Jour. Heredity 23: 167- 
172. f. #8. Ap 1932. 

Sparrow, F. K. Observations on the aquatic fungi of Cold Spring 
Harbor. Mycologia 24: 268-306. pl. 7, 8+f. 1-4. 2 My 
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Sparrow, F. K. Observations on the parasitic ability of certain 
species of Pythium. Phytopathology 22: 385-390. Ap 1932. 

Sprague, G. F. The nature and extent of hetero-fertilization in 
maize. Genetics 17: 358-368. f. 1, 2. My 1932. 

Standley, P. C. The Cohune palm an Orbignya, not an Aitalea. 
Trop. Woods 30: 1-3. 1 Je 1932. 

Standley, P. C. Holtonia, a new genus of trees of the family 
Rubiaceae. Trop. Woods 30: 37-38. 1 Je 1932. 

Standley, P. C. Revision of some American species of Calophyl- 
lum. Trop. Woods 30: 6-9. 1 Je 1932. 

Stanfield, J. F. Osmotic pressure of leaves of Pinus scopulorum 
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93: 474-483. f. 1-23. 21 Je 1932. 

Swallen, J. R. Five new grasses from Texas. Am. Jour. Bot. 19: 
436-442. f. 1-5. 27 My 1932. 

Tang, P.-S. On the respiratory quotient of Lupinus albus asa 
function of temperature. Jour. Gen. Physiol. 15: 561-569. 
20 My 1932. 

Taubenhaus, J. J., & Ezekiel, W. N. Resistance of monocotyle- 
dons to Phymatotrichum root rot. Phytopathology 22: 
443-452. f. 1. My 1932. 

Taylor, W. R. Notes on the genus Anabaenopsis. Am. Jour. Bot. 
19: 454-463. pl. 39, 40. Je 1932. 

Thaxter, R. Contributions toward a monograph of the Laboul- 
beniaceae. Part V. Mem. Am. Acad. Arts & Sci. 16: 1-435. 
pl. 1-60. 27 Je 1931. 

Thut, H. F. Demonstrating the lifting power of transpiration. 
Am. Jour. Bot. 19: 358-364. 27 Ap 1932. 

Waksman, S. A., & Nissen, W. On the nutrition of the culti- 
vated mushroom, Agaricus campestris, and the chemical 
changes brought about by this organism in the manure 
compost. Am. Jour. Bot. 19: 514-537. f. 1-5. Je 1932. 

Walther, E. Notes from Huntington Botanical Garden. Jour. 
Cactus & Succ. Soc. Am. 3: 182-183. illust. My 1932. 

- Weatherby, C. A. On the nomenclature of Elodea. Rhodora 34: 
114-116. 3 Je 1932. 

Webber, J. M. Chromosome morphology and meiotic behavior 
in typical and variant forms of Kniphofia aloides. Am. Jour. 
Bot. 19: 411-422. pl. 35+-f. 1-3. 27 My 1932. 
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Weingart, W. Cactus spines. Desert 3: 138-139. Ap 1932; II 
Desert 4: 8-9. My 1932. 

West, J. Argyroderma testiculare v. roseum N. E. Br. Jour. Cac- 
tus & Succ. Soc. Am. 3: 183. illust. My 1932. 

Wiggins, I. L. The lower California buckeye, Aesculus Parryi 
A. Gray. Am. Jour. Bot. 19: 406-410. f. 1. 27 My 1932. 

Williams, R. S. Two undescribed Himalayan mosses. Bryolo- 
gist 35: 1-5. pl. 1, 2. Ja 1932. 

Wodehouse, R. P. Tertiary pollen. I. Pollen of the living repre- 
sentatives of the Green River flora. Bull. Torrey Club 59: 
313-340. pl. 20-22. 15 Je 1932. 

Wolfe, F. Annual rings of Thuja occidentalis in relation to cli- 
matic conditions and movement of sand. Bot. Gaz. 93: 
328-335. f. 1-6. 14 My 1932. 

Yarbrough, J. A. Anatomical and developmental studies of the 
foliar embryos of Bryophyllum calycinum. Am. Jour. Bot. 
19: 443-453. pl. 37, 38. Je 1932. 

Youden, W. J. Statistical analysis of seed germination data 
through the use of the chi-square test. Contr. Boyce 
Thompson Inst. 4: 219-232. Je 1932. 

Yuncker, T. G. The genus Cuscuta. Mem. Torrey Club 18: 
113-331. f. 1-138. 11 Je 1932. 


Twenty-four new species are described. 


Zaumeyer, W. J. Comparative pathological histology of three 
bacterial diseases of bean. Jour. Agr. Res. 44: 605-632. 
f. 1-16. 15 Ap 1932. 


Titles prior to 1930 not formerly included in the Index. 


Ammons, N. P. Date-seed germination. Proc. West Virginia 
Acad. Sci. 1: 23-25. illust. Au 1926. 

Ciferri, R. Micoflora Domingensis. Lista de los hongos hasta la 
fecha indicados en Santo Domingo. Est. Agron. Moca 14: 
1-260. D 1928. 

Core, E. L. Ecological studies on Spruce Mountain. Proc. West 
Virginia Acad. Sci. 2: 36-39. Au 1928. 

Core, E. L. The plant ecology of a type area in northern West 
Virginia. Proc. West Virginia Acad. Sci. 2: 40-43. Au 1928. 

Demaison, A. Notes sur le Palmier Babassu et son mode de 
multiplication. Rev. Bot. Appl. Agr. Trop. 9: 30-34. f. 1, 2. 
1929. 

Ducke, A. Notes sur le genre Hevea Aubl. Rev. Bot. Appl. Agr. 
Trop. 9: 623-630. pl. 16-18. 1929. 
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Dufrenoy, J. La canne a sucre en Florida. Rev. Bot. Appl. Agr. 
Trop. 9: 34-38. f. 1-4. 1929. 

Dufrenoy, J. Les maladies 4 virus aux Etats-Unis. Rev. Bot. 
Appl. Agr. Trop. 9: 685-693. f. 24-22. N 1929. 

Du Rietz, G. E. Flechtensystematische studien. IV. Bot. Nat. 
1924: 329-342. 1924; V. 1925: 1-16. 1925; VI. 362-372. 
1925; VII. 1926: 339-340. 1926. 

Du Rietz, G. E. Kritische Bemerkungen iiber die Parmelia 
perlata-Gruppe. Nyt. Mag. Naturv. 62: 63-82. 1924. 

Du Rietz, G. E. Zur Flechtenflora von Siidgeorgien. Nyt. Mag. 
Naturv. 64: 229-233. 1925. 

Eames, E. H. Good “‘finds’”’ in Vermont. Vermont Bot. & Bird 
Club Bull. 3: 19-20. Ap 1917. 

Flint, L. H. The algae of Vermont. Vermont Bot. & Bird Club 
Bull. 3: 12-18. Ap 1917. 

Fonseca, E. T. Indicador de madeiras e plantas uteis do Brasil. 
1-343. Rio de Janeiro, 1922. 

Gilbert, F. A. A preliminary report of the slime molds of West 
Virginia. Proc. West Virginia Acad. Sci. 3: 71-73. Au 1929. 

Hitchcock, A. S. Papuan grasses collected by L. J. Brass. Proc. 
Linnean Soc. New So. Wales 54: 145-146. 15 J1 1929. 

Howe, I. A. New plants for St. Johnsbury. Vermont Bot. & 
Bird Club Bull. 3: 23-24. Ap 1917. 

Knowlton, H. E. Factors affecting fruit setting in the apple. 
Bull. West Virginia Sci. Assoc. 2: 46-56. O 1928. 

Leonian, L. H. The plasticity of species in genus Fusarium. 
Proc. West Virginia Acad. Sci. 1: 26-28. Au 1926. 

Munsell, E. New stations for Vermont plants. Vermont Bot. & 
Bird Club Bull. 3: 21-22. Ap 1917. 

Odland, T. E. The inheritance of panicle type and ligule in a 
certain oat cross. Proc. West Virginia Acad. Sci. 2: 52-56. 
tllust. Au 1928. 

Odland, T. E. The inheritance of a quantitative character, 
length of rachilla, in an oat cross. Bull. West Virginia Sci. 
Assoc. 2: 57-64. 1928. 

Schantz, H. L., & Marbut, C. F. The vegetation and soils of 
Africa. i-x, 1-263. f. 1-50+ maps 1, 2. New York, 1923. 

Urban, I. Plantae Haitienses novae vel rariores. IV. a cl. E. L. 
Ekman 1924~26 lectae. Ark. Bot. 21A°: 1-97. 6 Ap 1927. 

Weimer, B. R. The axial gradient theory of structural relations. 
Proc. West Virginia Acad. Sci. 1: 29-32. Au 1926. 





